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SECTION 1 

INTRODUCTION 

The U. S. Department of Energy (DOE) has previously prepared an Interim Measures/Interim 

Remedial Action (IM/IRA) Plan to investigate the removal of volatile organic compound (VOC) 

contamination suspected in the subsurface within an area of the Rocky Flats Plant (WP) 

identified as Operable Unit No. 2 (OU2) (EG&G, 1992). The IM/IRA Plan identified soil vapor 

extraction' (SVE) as a potentially applicable technology to be implemented as a Subsurface 

IM/IRA at OU2. Further, the IM/IRA Plan identified three locations at which SVE will be pilot 

tested. This Test Plan provides guidance for implementation of the pilot-scale SVE at the East 

Trenches Area of OU2. 

0 

This Pilot Test Plan addresses SVE at a test site adjacent to Individual Hazardous Substance Site 

(IHSS) No. 111.1 (Figure 1-1). IHSS No. 111.1 is also known as Trench T-4, and will be 

referred to as T-4 throughout this document. This Test Plan provides a performance 

specification for design and construction of the SVE pilot system. The Plan also includes 

procedures for system operations testing, performance monitoring, and field testing of the pilot 

system at T-4. The pilot test procedures presented in this plan have been developed in 

accordance with the U.S. Environmental Protection Agency's (EPA) guidance for conducting 

soil vapor extraction treatability studies (EPA, 1991a). 

Soil vapor extraction is also known as vacuum-enhanced vapor extraction, in situ volatilization, soil 
0 

venting, and in situ soil stripping. 
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1) FIGURE 1-1 Proposed Test Site Locations - OU2 
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1.1 PROJECT BACKGROUND 

A brief summary of the remedial investigatiordfeasibility study (RI/FS) activities conducted to 

date at OU2 is presented below. A more complete discussion of these activities may be found 

in the Subsurface IM/IRA Plan (EG&G, 1992b). 

A Phase I RI was conducted at OU2 in 1987, and consisted of the preparation of detailed 

topographic maps, radiometric and organic vapor screening surveys, surface geophysical 

surveys, a soil gas survey, a boring and well completion program, soil sampling, and surface 

and ground-water sampling. Phase I data did not completely define the nature and extent of 

contamination for the purpose of conducting a baseline risk assessment and an FS of remedial 

alternatives pertaining to contaminated media (Rockwell International, 1987). 

Therefore, a Phase I1 RI (alluvial system) began in October 1991 to further characterize OU2. 

The Phase I1 RI includes the advancement of soil borings into waste sources to characterize any 

waste materials remaining in place, installation of ground-water monitor wells adjacent to some 

of the boreholes to characterize ground-water quality directly beneath the suspected waste source 

sites, and installation of additional alluvial monitoring wells to further characterize and monitor 

ground-water flow and quality in alluvial materials at OU2. 

In recent years, DOE has prepared several IM/IRA Plans to address ground water, surface 

water, and subsurface soil contamination at OU2. A draft of the first such plan was prepared 

by DOE in 1989 to address contaminated OU2 groundwater (Rockwell International, 1989). The 

plan was prepared based on limited knowledge of the nature and extent of ground-water 

contamination at OU2. Regulatory agency review of the document determined that, although 

an IM/IRA for ground water is required by the Inter-Agency Agreement (EG&G, 1991d), 

insufficient information existed on the nature and extent of ground-water contamination to pursue 

effective ground-water remediation at that time. Therefore, pursuit of an IM/IRA for 

remediation of OU2 ground water was deferred until Phase I1 RI data were collected. 

0 
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In March 1991, DOE submitted an IM/IRA Plan addressing contaminated surface water within 

the South Walnut Creek drainage basin (EG&G, 1991a). The Plan proposed that contaminated 

surface water be collected and treated by chemical precipitation and microfiltration for removal 

of radionuclides and metals, followed by treatment by granular activated carbon (GAC) 

adsorption for removal of VOCs. Installation of the Surface Water IM/IRA was completed on 

24 April 1992, and system startup occurred on 27 April 1992. Pilot testing of the South Walnut 

Creek IM/IRA treatment system is scheduled to continue through the Summer of 1993. 

DOE submitted a second Surface Water IM/IRA Plan for OU2 in October 1991 (EG&G, 1991b). 

This Plan considered several alternatives for the collection and treatment of contaminated surface 

seepage within the Woman Creek Basin. The Plan also presented a detailed evaluation of the 

impacts to human health and the environment associated with the contaminated seepage, the 

results of which indicated that no immediate threat to public health or the environment existed. 

Thus, the IM/IRA Plan presented the No Action Alternative as the preferred alternative. 

Meetings between DOE, EPA, and the Colorado Department of Health (CDH) were held 

subsequent to submission of the IM/IRA Plan to discuss alternative IM/IRAs that could be 

conducted at OU2 in lieu of the originally conceived Woman Creek Basin surface water action. 

The result of these discussions was an agreement that a better use of resources was to pursue 

an IM/IRA that addressed suspected residual, free-phase VOC contamination in the subsurface 

at one or more OU2 areas. It was further agreed that since subsurface VOC contamination at 

OU2 does not pose an immediate threat to public health and the environment, the IM/IRA should 

primarily be used to gain information that will aid in selection and design of final remedial 

actions at OU2. 

In September 1992, DOE released a final Subsurface IM/IRA Plan to investigate on a pilot scale, 

the removal of VOC contamination from three areas within OU2. Specifically, the Plan involves 

pilot testing the SVE technology within or adjacent to suspected VOC source areas in the 903 

Pad, Mound, and East Trenches Areas. The locations of the proposed pilot test sites are 



ENVIRONMENTAL RESTORATION PROGRAM Manual: 2 1000-WP-OU2.07 
@ Pilot Test Plan Soil Vapor Extraction Technology Section No. : 1.0, Rev.0 

Subsurface Interim MeasuredInterim Remedial Action Page: 5 of 10 
East Trenches Area (Operable Unit No. 2) Effective Date: 1/12/93 

~ 

illustrated in Figure 1-1. An overview of the pilot study investigations that will be conducted 

at each of the proposed test sites is presented below. 

903 PAD (IHSS NO. 112): 

0 

0 

SVE coupled with ground-water depression in the alluvium. 

SVE in the upper portion of the claystone bedrock. 

MOUND SITE (IHSS NO. 113): 

0 SVE in the alluvium. 
0 SVE in the upper portion of the underlying claystone bedrock. 

EAST TRENCHES AREA (IHSS NO. 111.1): 

0 SVE in the alluvium. 
0 SVE coupled with ground-water depression in the sandstone bedrock. 

In addition to the investigations listed above, the Subsurface IMIIRA also includes examination 

of passive and active air injection at those sites where enhancement to the VOC mass recovery 

rate would be expected. 

It should be noted that in addition to IHSS Nos. 112, 113, and 11 1.1, there are other candidate 

soil vapor extraction test sites located within OU2. Examples include IHSS Nos. 109 and 110. 

IHSS No. 109 is a burial trench located approximately 300 feet south of the 903 Pad. IHSS NO. 
110 is a burial trench in the East Trenches Area. One or more alternative locations may be 

substituted for IHSS Nos. 112, 113, and 11 1.1 if OU2 Phase I1 RI and soil vapor survey data 

(EG&G, 1992a) suggest that the alternative sites would better serve the Pilot Test Program. @ 
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1.2 OBSERVATIONAL/STREAMLINED APPROACH 

Due to the uncertainties associated with the expected hydrogeology and nature and extent of 

contamination within the OU2 subsurface , DOE has incorporated EPA Observational/Streamlined 
Approach guidance in the planning of the Subsurface IM/IF&4. The Observational/Streamlined 

Approach provides a means of building the required degree of flexibility into the planning and 

implementation of an environmental restoration project to overcome potential deviations in 

expected site conditions, and to better ensure project success. These goals are achieved by 

planning for reasonably conceivable deviations in expected site conditions and using new site 

data as they become available throughout the course of the project to modify the IM/IRA as 

appropriate. The use of this approach should also streamline the IM/IRA, and ultimately reduce 

the cost and time required for implementation. 

The SVE system performance specifications and pilot test procedures presented in this Test Plan 

have been developed to offer as much flexibility in design and implementation of the IM/IRA 

as possible. Specifications for the vacuum extraction unit, for example, have been prepared to 

accommodate a wide range in soil permeability from test site to test site. Similarly, rather than 

specifying the exact depths and screened intervals for the extraction and injection vents, the Test 

Plan provides guidance for field sizing based on the actual geology of the soil boring. It should 

be noted, however, that it is not possible to offer complete design and implementation flexibility 

due to time constraints and resource limitations. Major modifications to the original design can 

have significant adverse impacts to the project schedule and budget. 

Additional information on the EPA Observational/Streamlined Approach and its application to 

the Subsurface IM/IRA is presented in EPA Office of Solid Waste and Emergency Response 

Directive No. 9355.3-06 (EPA, 1989b) and the Subsurface IM/IRA Plan (EG&G, 1992b). 
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1.3 PILOT STUDY OBJECTIVES 

The SVE pilot study described herein has several objectives. Foremost, the pilot study will be 

used to assess the potential for SVE to remove VOC contamination suspected in the subsurface 

in the East Trenches Area. If SVE is determined to be a viable remedial technology, the pilot 

study will provide information to support evaluation of SVE as a remedial action alternative for 

subsurface contamination at the East Trenches. This information will be incorporated into the 

Corrective Measures Study/Feasibility Study (CMS/FS) for OU2. In addition to gathering 

technical information about the SVE technology, it is also an objective to minimize potential 

adverse environmental impacts during the study. To this effect, numerous control features have 

been included in the system design (see Section 6). * 
1.4 MODIFICATIONS TO THE SUBSURFACE IM/IRA PLAN 

The pilot test program presented in this document for examining the performance of SVE 

technology at the East Trenches Area reflects several modifications to the conceptual program 

presented in the Subsurface IM/IRA Plan (EG&G, 1992). Per Observational/Streamlined 

Approach methodology, these modifications were made based on new information regarding the 

proposed test site that became available since publication of the final Subsurface IM/IRA Plan. 

Enhancements were also made to the proposed system design as work progressed. The 

significant modifications are noted below, along with the rationale behind the changes. It is 

important to note that additional modifications to those listed below may be incorporated into 

future drafts of the Test Plan as new data become available. This Subsection of the Test Plan 

is reserved to inform the reader of all significant changes. 

This Test Plan specifies that the vapor treatment process (i.e., HEPA filters, GAC units, etc.) 

is to operate at less than atmospheric pressure as opposed to the positive pressure scenario 

presented in the IM/IRA Plan. Negative pressures are achieved by placing the extraction 

0 
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blower(s) towards the end of the treatment train. Such a configuration has the advantage of 

preventing contaminated vapor leaks prior to HEPA filtration and GAC adsorption treatment. 

Instead, if a breach (i.e., crack) in the process piping occurs, the negative pressure will cause 

atmospheric air to be "pulled" into the treatment train. The Test Plan also specifies a dual 

blower configuration (rather than a single blower) for increased operating efficiency. 

The Pilot Test Plan presents an expected ground-water recovery rate at the East Trenches Area 

test site (i.e., IHSS No. 11 1.1) of 5 gpm in contrast to a 1 gpm extraction rate discussed in the 

Subsurface IM/IRA Plan. This upward revision is based on pump test data for the East 

Trenches Area that became available after the IM/IRA Plan was finalized. 

The Pilot Test Plan specifies that the process gas stream is to be sampled at the exhaust stack 

to verify the absence of radioactive species as opposed to just downstream of the inline HEPA 

filters. This modification has two primary advantages. First, the vapors at the exhaust stack 

(Le., downstream of the GAC adsorption units) will be free of VOCs. This configuration thus 

represents an advantage from a health and safety standpoint. Operators will not be exposed to 

fugitive VOCs when removing sample filters for subsequent measurement of radioactivity. 

Second, sampling at the exhaust stack requires a lower duty pump since the stream is at 

essentially atmospheric pressure rather than at negative pressure. 

The SVE Test Plan includes pilot tests involving passive and active air injection. The active air 

injection specified in the Test Plan involves air that is heated by virtue of the energy imparted 

by the injection blower. In contrast, the Subsurface IM/IRA Plan proposes the testing of active 

air injection only, and that separate tests would be conducted to examine injection of air at 

ambient temperature and air heated by an indirect-fired heater. Modification of the strategy 

proposed in the Subsurface IM/IRA Plan was based on the following rationale. The heat 

imparted to the air stream by the blower eliminates the necessity for a heater. In addition, 

cooling the air stream leaving the blower to achieve an ambient temperature defeats the goal of 

enhancing volatilization. 

0 
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1.5 TEST PLAN ORGANIZATION 

This Subsection outlines the organization of the Test Plan. Section 2 of this report provides a 

characterization of the East Trenches Area, which includes descriptions of site background, 

geology, and hydrogeology. Subsection 2.1 has largely been derived from the IM/IRA Plan. 

In addition, an overview of the SVE technology and its applicability to suspected subsurface 

contamination at T-4 is presented in Section 2. 

Section 3 describes the general design considerations which need to be addressed in 

implementing the SVE technology at a generic location. These design considerations are then 

applied to develop the design basis for the pilot SVE system at T-4. Should the pilot SVE 

system be implemented at a location other than T-4, the general design considerations presented 

in Section 3 will need to be reevaluated. 

Section 4 outlines the construction specifications and performance requirements for the pilot SVE 

system vapor extraction vents, air injection vents, ground-water extraction wells, pressure 

monitoring probes, and vapor manifolds. Sampling and analysis activities to be implemented 

during system installation are described. 

Section 5 summarizes the T-4 site preparations which will be performed prior to system 

installation, such as access road and ground-water storage tank constructions. Equipment 

connection procedures to be performed subsequent to system installation are also presented. 

Section 6 describes the construction specifications and performance requirements for the mobile 

pilot-scale vapor extraction unit. The vapor extraction unit consists of the major system 

equipment, which include the positive displacement blowers, a demister , the high-efficiency 

particulate air (HEPA) filters, and the vapor treatment system. In addition, system monitoring 

and instrumentation requirements are outlined. 
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Section 7 summarizes the pilot system tests to be conducted. A series of nine pilot tests are 

presented, whose results will be used to determine the system’s optimal operating configuration. 

Subsequent sustained operations to be performed are presented. A post-pilot operations sampling 

and analysis program is also described. Data collection procedures to be followed during the 

pilot operations are presented. 

Section 8 outlines the data reporting and evaluation requirements for the pilot tests and the 

sustained operations. The various data tables and figures to be prepared are indicated. 

Procedures for determining the optimal system operating configuration and individual strata 

permeabilities to air flow are described. 

Section 9 provides the schedule for conduct of the Subsurface IM/IRA pilot study at the East e Trenches Area test site. 

Appendix A presents several engineering drawings that detail the design of the pilot-scale vapor 

extraction unit. The drawings address extractionlinjection well and vapor treatment system 

construction. Appendix B is reserved for future use. Appendix C presents the soil boring logs 

that were used to create the hydrogeological concept models for the pilot test sites. Appendix 

D presents the quality assurance procedures that will be followed during conduct of the soil 

vapor extraction pilot test program. Appendix E includes the engineering calculations that 

provide the basis for the design of the vapor extraction pilot unit. Appendix F provides a list 

of RFP Standard Operating Procedures (SOPs) that are applicable to the Subsurface IM/IRA 

Pilot Test Program. The SOPs include procedures for sampling, well construction, and 

decontamination. 
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SECTION 2 

PILOT STUDY SCOPE 

2.1 EAST TRENCHES AREA CHARACTERIZATION 

2.1.1 Introduction 

Expected conditions in the East Trenches Area described in this Section, with respect to 

hydrogeology and contaminant distribution, are based on Phase I and Phase I1 RI data coupled 

with historical contaminant release information. The development of an area-wide and site- 

specific hydrogeologic and contaminant distribution model is a continuing process in which new 

data from the Phase I1 Alluvial RI is incorporated as it becomes available. 

This evolution is evident by the subtle differences in the test site conceptual model presented in 

the Subsurface IM/IRA Plan (EG&G, 1992b) as compared with that presented in this Section. 

The model presented in the IM/IRA Plan was based primarily on Phase I RI data which did not 

include any exploratory soil borings or sampling within the actual IHSSs. Therefore, the IMIIRA 

Plan presented expected site conditions extrapolated from data collected near the proposed test 

site. During the preparation of the Test Plan, it was possible to review field data collected as 

part of the Phase I1 RI which included investigative efforts within the actual IHSSs and the 

proposed test site (IHSS 111.1). This permitted refinement of the conceptual model which now 

reflects the actual hydrogeologic and contaminant distribution conditions at the proposed test site. 

0 Based on Phase I1 RI chemical data, IHSS 110 (Trench T-3, Figure 1-1) is considered a possible 

alternate SVE test location. A soil sample collected from this IHSS contained over 10,000 mg/kg 
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of perchloroethylene. It is important to note that evaluation of additional data will be conducted 

as they become available with respect to finalizing the test site location (within IHSS 11 1.1 or 

at an alternate site). This includes the results of a soil vapor survey (EG&G, 1992a) to be 

conducted at OU2 during the first half of 1993. 

2.1.2 Historical Contaminant Release Information 

A review of literature revealed little specific information about the historical use of any one 

disposal trench in the East Trenches Area. The available information described waste disposal 

practices at the East Trenches Area as a whole. To summarize, the burial trenches in this area 

were used between 1954 and 1968 for the disposal of sanitary sewer sludge contaminated with 

uranium and plutonium and approximately 300 flattened empty drums contaminated with uranium 

(Illseley, 1983). Based on a magnetometer survey, the proposed test site (T-4) is not expected 

to contain flattened drums. Although the radiation content of the sewage sludge disposed of in 

the East Trenches reportedly ranged from 382 picocuries per gram (pCi/g) to 3,590 pCi/g 

(Owen and Steward, 1973), there are no reports of metallic nuclear materials deliberately buried 

in T-4. The only other material reportedly buried in T-4 is plutonium- and uranium-contaminated 

asphalt planking from the solar evaporation ponds (Illseley , 1983). 

e 

2.1.3 Soils and Bedrock 

2.1.3.1 Lithology 

One exploratory boring (Boring No. 10291) has been advanced through T-4 as part of the OU2 

Phase I1 RI (Figure 2-1). Boring 10291 is located approximately 25 feet east of the western end 

of the trench. The geologic log for boring 10291 indicates sandy gravel alluvium to a depth of 

18 feet. The alluvium is underlain by silty sandstone to a depth of 34 feet which is underlain by 

interbedded sandstone , silty sandstone , sandy siltstone and an occasional layer of clay stone 

@ 
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@ MW3687 
MW3587 

0 MONITORING WELL 

0 SOIL BORINGS 
APPROX. SCALE: 1” = 100’ 

IHSS - INDIVIDUAL HAZARDOUS SUBSTANCE SITE 

NOTE: DIMENSIONS OF IHSS NO. 1 11.1 SHOWN ON THIS DIAGRAM HAVE BEEN APPROXIMATED 
FROM HISTORICAL INFORMATION (DOE, 1992) 

1) Figure 2-1 Soil Boring and Monitoring Well Locations (IHSS No. 111.1) 
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(interbeds are on the order of 5 feet in thickness). This interbedded interval is primarily 

sandstone and extends from 34 feet to at least 60 feet, which is the total depth of boring 10291. 

Lithologies beyond the total depth of boring 10291 were extrapolated from a deeper boring (No. 

B217589) drilled in 1989 approximately 50 feet southeast of boring 10291. The log of this 

boring describes the interval between 60 and 160 feet as primarily claystone. An idealized 

conceptual geologic model based on the logs of boreholes 10291 and B217589 is presented as 

Figure 2-2. Boring logs are presented in Appendix C. 

2.1.3.2 Volatile Organic Contaminants 

A review of preliminary soil chemistry data collected during the Phase I1 FU revealed the 

presence of tetrachloroethene (PCE) and trichloroethene (TCE) at 12.0 and 1.0 milligrams per 

kilogram (mglkg), respectively, in a sample collected from 3 feet below ground surface during 

the advancement of boring 10291. The concentration of these contaminants decreased rapidly 

with depth. Because only one soil boring was advanced through T-4, the absence of high 

concentrations of VOCs in soil samples collected from this borehole does not preclude the 

presence of high concentrations in other portions of the trench. 

@ 

2.1.4 Ground Water 

2.1.4.1 Hydrogeology 

Based on the log of boring 10291 and historical ground-water level data from monitoring 

well 3687 (located just north of T-4), unconfined ground water is expected to be encountered 

at approximately 35 feet below ground surface in the sandstone. Ground-water flow in the 

bedrock is generally towards the easthortheast in the vicinity of T-4. No ground water is 

expected to be present in the alluvial materials in the vicinity of T-4 based on historical water 

level data from alluvial monitoring well No. 3587 (Figure 2-1). Well 3587, located immediately 
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2) FIGURE 2-2 Idealized Cross-Section, East Trenches (MSS No. 111.1) 
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adjacent to bedrock monitoring well 3687, has been dry for approximately 4 years. Boring logs 

for wells 3587 and 3687 are presented in Appendix C. 

2.1.4.2 Volatile Organic Contaminants 

Based on the description of historical waste disposal activities at the East Trenches Area 

(EG&G, 1992b) significant concentrations of VOCs would not be expected at T-4. However, 

ground-water samples from a bedrock monitoring well in the vicinity of T-4 (well 3687) 

contained elevated concentrations of chlorinated solvents, including TCE, carbon tetrachloride, 

chloroform, PCE, and 1 , 1 , 1-trichloroethane (TCA). Well 3687 is screened in the sandstone 

bedrock and is located approximately 40 feet northwest of the eastern end of T-4. 

0 During the period November 1987 through August 1991, ground-water samples collected from 

bedrock monitoring well 3687 contained TCE at concentrations between 2.5 milligrams per liter 

(mg/f) to 221.9 mg/f . An August 1991 ground-water sample contained 68.0 mg/f of TCE. The 

solubility of TCE in water is 1,100 mg/f at standard temperature and pressure. The high TCE 

concentration of 221.9 mg/f, which represents 20 percent of the TCE solubility limit, may 

indicate the presence of residual, free-phase TCE in the soils or bedrock underlying Trench T-4. 

The term "residual" refers to non-aqueous contamination remaining in the subsurface (by 

capillary force) subsequent to natural soil flushing. In addition, the downward migration of TCE 

through the saturated zone may have resulted in isolated pockets of more highly contaminated 

soils, or in some instances, dense non-aqueous phase liquid (DNAPL) trapped in structural 

depressions on the bedrock surface. DNAPL may also be perched on well cemented zones 

within the sandstone beneath T-4. 

Other VOCs with historical concentrations at well 3687 greater than 1 mg/f include carbon 

tetrachloride (1.6 mg/f), chloroform (2.8 mg/f), and PCE (2.4 mg/f). Methylene chloride and 

acetone were also detected at concentrations greater than 1 mg/f, however, methylene chloride 

and acetone were also detected in the sample blanks and are accepted as common laboratory 

0 
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contaminants. Ground-water analytical data for VOCs in ground water from monitoring well 

3687 is summarized in Table 2-1. 

2.2 IMPLEMENTATION OF SOIL VAPOR EXTRACTION AT EAST TRENCWES 
AREA 

SVE is a relatively new technology that offers an alternative to the conventional excavation, 

treatment, and disposal approach. SVE removes volatile contaminants from the subsurface by 

mechanically drawing air through vadose zone strata pore spaces. VOCs, present in the "free 

phase" or dissolved in soil pore water will diffuse into soil gas and reach equilibrium 

concentrations proportional to the vapor pressure and Henry's Law constant for the particular 

compound. Under static conditions, there is little driving force to change the equilibrium 

conditions of the system comprised of VOCs, air, and water. However, the introduction of air 

flow within the subsurface profoundly disturbs the equilibrium conditions. The air flow carries 

away the gaseous VOCs preventing the development of equilibrium conditions between the free- 

phase and dissolved-phase VOCs and soil gas. This serves to maintain a high driving force to 

reach equilibrium in the vapor phase due to the relatively high concentration of solvent. In 

addition, contaminant volatilization kinetics are enhanced at lower pressures that are typically 

achieved adjacent to the extraction vent. The extraction vents are connected to a blower system 

which draws the contaminant-laden air stream to the surface. The extracted air stream may then 

be treated for removal of contaminants prior to discharge to the atmosphere. 

0 

SVE has been demonstrated as an effective remedial technology for removal of volatile 

contaminants from unsaturated zone strata (EPA, 1991b). As a result, SVE has become an 

established technology for remediation of vadose zone strata contaminated with volatile 

constituents. The effectiveness of SVE for remediating VOC-contaminated strata is generally 

governed by site-specific conditions, such as volatility of the contaminants and permeability of e the contaminated strata. 
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3) Table 2-1 Groundwater Analytical Data for VOCs from Well 3687 



FINAL 
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4) Table 2-1 Groundwater Analytical Data for VOCs from Well 3687, continued 
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East Trenches soil characteristics indicate that the suspected residual contamination underlying 

T-4 is amenable to treatment by SVE. TCE, PCE, carbon tetrachloride, and chloroform all have 

Henry’s law constants greater than 0.01, and thus, all have sufficient volatility to be removed 

by SVE (EPA, 1991b; Hutzler et al., 1989). 

‘A major advantage of SVE as a remedial technology for the East Trenches Area is that 

remediation of VOC-contaminated strata would be conducted in situ. Remedies that minimize 

disturbance of vegetation and soils are preferable to those requiring excavation. 

2.3 ANALYTICAL DATA OUALITY OBJECTIVES 

Analytical data quality objectives (DQOs) are related to the objectives of the sampling and 

analyses program. The primary objective of the sampling and analysis program described in 

Sections 4 and 7 is to measure the instantaneous contaminant mass recovery rate of the SVE 

system and how the mass recovery rate changes with time and system configuration. Secondary 

objectives include measuring the effectiveness of the off-gas treatment equipment, 

characterization of the pumped ground-water waste stream, and characterization of soil samples 

collected during the drilling for vapor extraction wells. 

Related DQOs associated with tolerances on field measuring equipment (pressure gauges, 

temperature indicators, etc.) are described in Section 6.7. 

DQOs express quantitative and qualitative statements describing the quality and quantity of data 

required for the SVE system operation and testing. Developing DQOs relies on the following 

three stage process: 

e 

e 

e 

Stage 1 - Identify decision types 

Stage 2 - Identify data wedneeds 

Stage 3 - Design a data collection program 
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2.3.1 Identifvinp Decision TvDes 

The Subsurface IM/IRA Plan (EG&G, 1992b) and Section 1 of this document identifies the goals 

of the IM/IRA and the critical decisions to be made during implementation of the IM/IRA. 

Specifically, analytical data will be used to determine success or failure of the SVE pilot test, 

to evaluate the effectiveness of the off-gas treatment system, and to determine whether recovered 

ground water meets the influent requirements for the South Walnut Creek water treatment 

facility at RFP. 

2.3.2 Identifvinp Data UserdNeeds 

Data users and needs are comprised of the following specific elements: e 
0 Data uses 

0 Data types 

0 Data quality needs 

0 Data quantity needs 

0 Analysis options 

Precision, accuracy, representativeness, completeness and comparability (PARCC) 
parameters. 

Table 2-2 describes these elements for each type of environmental media. 
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Table 2-2 Data Needs to Fulfill Pilot Test Objectives a 
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Table 2-2, continued 
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Project Manager Quality Assurance Program Manager 

SECTION 3 

DESIGN BASIS 

3.1 INTRODUCTION 

The SVE treatability study described in this Pilot Test Plan will determine whether SVE can be 

implemented to effectively remove suspected subsurface VOC contamination in vadose and 

saturated zone soils at the East Trenches Area of OU2. In addition to the soil VOC 

contamination, the presence of free-phase VOCs is suspected in the vadose and saturated zone 

beneath the trenches. Although the exact location of the test site has not been finalized, the 

western end of T-4 has been arbitrarily selected as the study area. Therefore, the design 

information presented in following sections utilizes the western end of T-4 as the test site 

(Drawing Nos. 1 and 2, see Appendix A). 

@ 

This section provides the basis for the pilot SVE system design at the western end of T-4 as well 

as detailed information such as soil characteristics and ground-water chemistry data, which form 

the basis for the design. Design and equipment specifications are presented in Sections 4 

through 6. 

It should be noted that the selection of the western end of IHSS No. 111.1 (T-4) is tentative and 

completely arbitrary. The actual locations of the SVE vent wells will be selected based on 

forthcoming soil vapor survey and Phase I1 Alluvial RI data. The final test site selection will 

be made by EG&G-Rocky Flats, Inc. An arbitrary selection for the location of the pilot test at 

IHSS No. 111.1 was made to expedite the preparation of the document (Le., site plan map). * 
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Once the final test site location is determined, the design considerations presented herein will 

be revisited to determine if any design modifications are necessary. 

3.2 TRENCH T-4 PILOT SYSTEM DESIGN 

3.2.1 Introduction 

Evaluation of site history and characteristics is essential prior to designing and operating an SVE 

system. Other site conditions such as local geology, hydrogeology , and climate contribute 

valuable information when assessing contaminant migration pathways and rates, in addition to 

influencing the design and performance SVE systems. 

0 Soil characteristics such as permeability, particle size distribution, and moisture content 

determine whether sufficient subsurface air flow can be achieved to allow for contaminant 

removal. In addition, subsurface air flow is influenced by the heterogeneous nature of the soil 

and the presence of subsurface features. Such features influence air and contaminant movement 

pathways, sometimes making it more difficult to optimize extraction vent and pressure 

monitoring (PM) probe locations. For example, the trenches being investigated have had 

heterogeneous materials placed in them prior to backfill. The backfilled soil is generally loosely 

packed and less restrictive to flow, and hence may result in preferential flow pathways or 

conduits, while the buried materials in the trenches may provide obstructions to air flow. 

SVE can also be used to remove contaminants from vadose zone bedrock. Bedrock 

characteristics such as surface slope, fracture properties, and hydraulic conductivity must be 

considered when designing a bedrock system. Soluble contaminant migration is greatly 

influenced by ground-water movement. Movement of ground water through a bedrock system 

is controlled by the orientation and the degree of connection of joint and fracture sets and/or 

intergranular porosity (primary and/or secondary). The porosity and fracture system distribution 

may be heterogeneous; therefore, the properties of the water-bearing bedrock may vary with 
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location and depth. In addition, undulations and other small scale topographic features on the 

bedrock surface may result in isolated pockets of more highly contaminated soils, perched 

ground water, or DNAPL trapped at the alluvial/bedrock interface. 

The components of soil venting systems are typically "off-the-shelf" items. However, design 

of such a system is site-specific. Design specifications such as the number of vents, vent 

spacing, vent location, vent construction, and vapor treatment are often determined by a 

combination of design formulas , practical experience, and best engineering judgement. The 

vapor extraction unit (the blower and associated equipment that provides the necessary pressure 

differential) is shown in Drawing No. 11. 

3.2.2 Expected Conditions at Trench T-4 a 
A discussion of expected hydrogeologic and contaminant characteristics was presented in 

Subsection 2.1 , and a more thorough discussion was presented in the Subsurface IM/IRA Plan 

(EG&G, 1992b). The following discussion summarizes the site characteristics with respect to 

subsurface and above-ground SVE system design criteria. 

The VOCs expected to be present at T-4 include TCE, PCE, TCA, chloroform and carbon 

tetrachloride. However, based on inferences made about nearby ground-water chemistry , only 

TCE is expected to occur as a free-phase solvent and, therefore, will be the primary target 

contaminant for the SVE. The location or actual presence of free-phase VOCs is not known and 

may or may not be encountered by the pilot system. 

The hydrogeology of the test site is expected to consist of unsaturated, unconsolidated, sandy 

gravel alluvium from the surface to a depth of 18 feet. The alluvium is underlain by silty 

sandstone to a depth of 34 feet which is underlain by interbedded sandstone, silty sandstone, 

sandy siltstone and an occasional layer of claystone (interbeds are on the order of 5 feet in 

thickness). This interbedded interval is primarily sandstone and extends from 34 feet to at least 

a 
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60 feet with ground water present at approximately 35 feet. 

expected to be present. 

Below 60 feet, claystone is 

There are technical difficulties associated with the design and implementation of an SVE system 

in this area due to the paucity of quantitative data on soil and bedrock conditions at T-4. 

Although not anticipated, subsurface features such as buried drums may be present in T-4, and, 

if present, would be expected to influence air flow pathways, In addition, the backfilled soil 

used to cover T-4 is expected to be loosely packed and hence more permeable and less restrictive 

to flow than surrounding undisturbed soils. Therefore, subsurface air flow pathways may be 

difficult to predict and control. In addition, since little analytical data currently exist on VOC 

concentrations in the soil at T-4, it is undetermined if sufficient quantities exist that would 

warrant the utilization of SVE. The results of a proposed soil vapor survey will help to make a this determination. 

3.2.3 Extraction Vents 

The permeability of the soils, as it relates to the design parameter known as the radius of 

influence, affects the number and location of the extraction vents in a multiple extraction vent 

SVE system. The radius of influence is defined as the distance from the extraction vent at which 

the subsurface pressure equals atmospheric pressure (no longer negative pressure). Typically, 

this implies that all soils within this radius of influence will be subject to treatment. Therefore, 

to approximate the number of vents necessary to treat a target area using an SVE system, the 

radius of influence for a vent should be evaluated. 

In determining the positioning of vapor extraction vents, it is desired to maximize vapor flow 

through the contaminated zone while minimizing it through other zones. If only one vent is 

used, it is usually placed in the center of the contaminated zone. Thus, all air flowing into the 

vent will sweep through the contaminated region. When placement of the vent directly into the a 
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contaminated region is not possible, an alternate location is chosen that maximizes air flow 

through the effected soils. 

The precise location of the extraction vents will be determined based on the results of a soil 

vapor survey to be conducted along the perimeter of T-4 (EG&G, 1992a). However, for the 

purpose of this document, the SVE vents are tentatively proposed to be installed near the west 

end of T-4. The western end of T-4 was arbitrarily selected. 

Soil boring 10291 (presented in Appendix C), which is the only boring through T-4, describes 

alluvium to a depth of 18 feet below ground surface (bgs) with silty sandstones directly beneath 

the alluvium to a depth of 60 feet bgs. Although the geology can be expected to vary laterally, 

these materials are believed to be generally representative of the geology underlying all of T-4. e 
AS shown in Drawing Nos. 1 and 2 (presented in Appendix A), the pilot SVE system at T-4 will 

consist of two vertical vapor extraction vents installed 20 to 25 feet east of the western end of 

T-4. One vent will be constructed in the alluvium, while the other will be constructed in the 

sandstone. In addition, the extraction vents will be placed on the northern side of the trench 

since local ground water, which flows to the eadnortheast, may have influenced contaminant 

migration towards the easthortheast. The extraction vents are placed 5 feet apart from each 

other to minimize the influence of one vent on the other when both are in operation. The vents 

are placed close to the northern side of the trench (2 to 3 feet) which minimizes the risk of 

drilling into the trench, while still maintaining a close proximity to the trench. Because 

materials were buried in T-4, and historical records of material type may be incomplete, drilling 

through the trench itself will not be attempted. 

The screened interval of the extraction vent will extend from approximately 9 to 18 feet in the 

alluvium (see Drawing  NO.^), with an additional 2 feet of screened interval in the sandstone. 

The alluvium screened interval was chosen to cause the extraction vent to draw air underneath 

the trench, where contamination due to trench leakage would be expected. It is also anticipated 

a 
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that the vent will draw air from the surface (i.e. non-radially) and sweep through the trench. 

The screened interval starts at 9 feet (instead of less than 9 feet) to prevent air from being drawn 

directly from the borehole/alluvium interface (also known as short-circuiting). The alluvium 

extraction vent will be installed approximately 2 feet into the sandstone underlying the alluvium. 

This will allow the vent to extract any free-phase liquid trapped at the alluvium/sandstone 

interface. 

As shown in Drawing No. 5, the sandstone extraction vent will penetrate into the sandstone to 

allow for the collection and recovery of free-phase or perched DNAPL should it be encountered 

in the sandstone. The screened interval of the extraction vent will extend from approximately 

22 feet bgs to 5 feet below the sandstone/claystone interface. A surface casing will be provided 

to prevent the migration of contamination from the alluvium. A submersible ground-water pump 

will be installed to lower the water table and expose contamination in the saturated zone. The 

vent will be installed approximately 5 feet into the claystone to allow the vent to extract any 

free-phase liquid trapped at the sandstone/claystone interface. 

a 

3.2.4 Pressure Monitorinp (PM) Probes 

The radius of influence of the individual extraction vents is determined by measuring subsurface 

negative pressures. PM probes facilitate measurement of subsurface pressure at varying 

distances from the extraction vents. PM probes are slotted drive points similar to piezometers. 

Multiple PM probes are typically installed at varying distances from the extraction vents (5, 10, 

20 feet, etc.) to evaluate the radius of influence. Once subsurface pressure data is collected, a 

theoretical estimate of the radius of influence can be obtained using the steady-state radial 

pressure distribution equation (Johnson et al., 1990): 
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where: 

P(r) 
PAT, = absolute ambient pressure 

P W  

Rw 

RI 

= the absolute pressure measured at a distance r from the operating vent 

= absolute pressure applied at the vapor extraction vent 

= radius of the vapor extraction vent 

= radius of influence of the vapor extraction vent 

It should be noted that this equation assumes steady-state radial flow and does not account for 

0 surface leakage. 

This equation indicates that just a single PM probe would be required to determine the radius 

of influence. In practice, however, steady-state radial flow (and therefore pressure) is often not 

achieved. Therefore, multiple pressure monitoring points give a more accurate picture of the 

pressure distribution profile. In these instances, a plot of the subsurface pressure as a function 

of distance from the extraction vent can be utilized. Thus PM probes are spaced away from the 

extraction vent to facilitate both theoretical and actual data evaluation. 

PM probes will be installed at various distances away from the extraction vents to monitor 

subsurface pressure. Their locations are shown on Drawing Nos. 1 and 2, and construction 

details are presented on Drawing Nos. 7 and 8. Alluvial PM probes will be located at distances 

of 5, 15, and 20 feet away from the alluvial extraction vent, while sandstone PM probes will 

be located at distances of 5 and 13 feet away from the sandstone extraction vent. In addition, 

the forced air injection vents (described in Subsection 3.2.5) will serve as PM probes when not 

in operation as air injection vents, resulting in added PM probes located at distances of 10 and 

8 feet away from the alluvial and sandstone extraction vents, respectively. These selected 
0 
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distances will allow for the measurement of subsurface pressure in individual strata as a function 

of distance from the respective extraction vent at various air flow rates. Individual strata 

subsurface pressure distributions measured during startup tests can then be compared to the 

steady-state radial pressure distribution equation presented in Subsection 3.2.2, to determine if 

steady-state radial flow was achieved in the alluvium and the sandstone. If steady-state radial 

flow is not achieved, the measured pressure distributions can be used to estimate the radius of 

influence by evaluating the subsurface pressure as a function of distance from the extraction 

vent. 

The distances of the PM probes (away from the extraction vent) were selected to provide several 

data points for this analysis, and will be valid over a wide range of radius of influences (10 feet 

to 40 feet). The specific distances were selected based on best engineering judgement. TO 

minimize the volume of cuttings generated during installation, only two sandstone PM probes 

are to be installed. A sandstone PM probe was not installed at 20 feet. It is reasonable to not 

install this PM probe because of the expected lower air permeability in the sandstone. 

0 

Another factor considered when selecting PM probe locations included the preference for 

enhanced air flow control. PM probes may be used as passive ambient air inlets. Passive air 

inlets may allow for improved air flow rates and improved flow control which can result in more 

efficient contaminant removal. For instance, the use of PM probes on the southern side of T-4 

as ambient air inlet vents will allow for increased air flow through and under T-4 toward the 

extraction vents. The use of PM probes as ambient air inlets will be evaluated by utilizing the 

forced air injection vents as passive air inlets during pilot testing; the pilot tests will also permit 

a direct comparison between the effectiveness of passive and forced air inlets and their impact 

on SVE system performance. 

During air injection periods, surrounding PM probes will monitor subsurface pressure to confirm 

that the injected air is being withdrawn at the extraction vent. Specifically, the subsurface 

pressure at PM probes adjacent to the air injection vents will be monitored and maintained at 

@ 
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or below atmospheric pressure during air injection periods, thereby ensuring that contaminants 

are not forced away from and out of the radius of influence of the respective extraction vent. 

Therefore, a PM probe will be located at a distance of 5 feet from the air injection vent, in a 

straight line away from the extraction vent. 

The depth of the slotted section of the alluvium PM probes will be approximately 2 feet above 

the alluviumlsandstone interface, and the length will be 3 feet. The slotted section is positioned 

to correspond to the bottom portion of the extraction vent because there is a better chance for 

radial flow the further away it is from ground surface. Three feet of slotted section is specified 

to provide a large open interval if the probes are used for passive air inlet. Sandstone PM 

probes are slotted corresponding to the entire length of the sandstone extraction vent because 

radial flow can be reasonably expected at the depths involved. a 
3.2.5 Air Iniection Vents 

An SVE system can include vents that allow air to be injected into the soil. An air injection 

vent utilizes a blower to force heated or ambient temperature air into the soil. It is anticipated 

that forced air injection vents may improve subsurface air flow and VOC removal rates. 

Specifically, the injection of air will result in increased pressure gradients towards the extraction 

vents, thereby inducing greater flow rates to the extraction vents. Forced air injection vents 

must be located at a close enough distance from the extraction vent so as not to force 

contaminated vapors away from the extraction vents. In addition, forced air injection rates must 

be conservatively chosen to ensure that contaminated vapors are not driven away from the 

extraction vents. 

The pilot SVE system will include one forced air injection vent for the alluvium and one for the 

sandstone. The construction details of the air injection vents are presented on Drawing Nos. 4 

and 6 .  The forced air injection vents will be located on the southern side of T-4, opposite to 0 
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their respective extraction vents, to create preferential air flow pathways which sweep beneath 

the trench toward the extraction vents. 

The depth and slotting requirements of the alluvium air injection vent were chosen to maximize 

the volume of soil affected by air injection. The slotting requirements match those of the 

alluvium extraction vent such that all alluvium soils between the injection and extraction vents 

can be treated. The sandstone injection vent depth and slotted interval were chosen on the same 

basis. As discussed in the Subsurface IMIIRA Plan (EG&G, 1992b), the sandstone injection 

vent is equipped with a submersible ground-water pump to lower the water table while providing 

a pathway for air to sweep through the previously saturated sandstone. 

3.2.6 Blower 

The sizing of the blower for an SVE system is performed after determining the number of 

extraction vents and their associated screened intervals. The required vapor flow rate can be 

determined using the formula (Johnson et al., 1990): 

where: 

Q 
k 

= flow rate 

= soil permeability factor 

= air viscosity 

= absolute pressure applied at the vapor extraction vent 

= absolute ambient pressure 

= radius of the vapor extraction vent 

= radius of influence of the vapor extraction vent 

= C screened intervals for all vents 
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This equation is derived from the steady-state radial flow solution for compressible flow. By 

knowing or estimating the soil permeability and the radius of influence, the vapor flowrate can 

be estimated thus providing an estimate for proper blower size. In the absence of air 

permeability and radius of influence data, a reasonable range of values and practical experience 

with SVE systems can be used to estimate the required air flow. 

The blower specified for this study was designed to have sufficient capacity to accommodate all 

three proposed tests as presented in the Subsurface IM/IRA Plan (EG&G, 1992b). It is expected 

that the alluvium vents will provide the most air flow of all the formations to be tested in OU2. 

As shown in the IM/IRA Plan, the 903 Pad SVE system is expected to have approximately 35 

feet of screened interval in the alluvium. To determine the flow rate per unit length (Q/H), a 

range of radius of influences (20 to 40 feet), air permeabilities (10 to 50 darcies), and pressures 

(1 to 3 inches of mercury [Hg]) were used. These input parameters were chosen based on past 

experience with SVE systems and site-specific knowledge. These calculations determined that 

a range of Q/H of 10 to 25 standard cubic feet per minute per treatment foot (scfm/ft) could be 

possible. Fifteen scfm/ft was used to accommodate a blower that could be trailer-mounted, and 

to utilize a reasonable portable power supply. Therefore, the air flow rate of the blower will 

be approximately 600 cfm (35 treatment feet * 15 scfm/ft and adjusted to account for 3 inches 

Hg). These calculations are presented in more detail in Appendix E. 

0 

Furthermore, a negative pressure of 17 inches Hg was chosen as the pressure differential that 

should be achievable by the blower to achieve 14 inches Hg pressure differential at the extraction 

wells. The rationale and calculations for the blower sizing are presented in more detail in 

Appendix E. 

The blower configuration for the pilot test is shown in Drawing No. 11. As seen on this 

drawing, a two-stage blower will be utilized. A two-stage blower configuration is specified for 

several reasons. First it allows positive displacement blowers to be used to achieve the head 

pressures that might be required in tight formations to achieve air flows. Positive displacement 



ENVIRONMENTAL RESTORATION PROGRAM Manual: 21000-WP-OU2.07 a Pilot Test Plan Soil Vapor Extraction Technology Section No. : 3.0, Rev.0 
Subsurface Interim Measures/Interim Remedial Action Page: 12 of 14 
East Trenches Area (Operable Unit No. 2) Effective Date: 1/12/93 

blowers are preferred for many SVE applications because the air flow rate does not vary 

significantly over the blower’s operating range. Second, the power requirements of a dual-stage 

blower configuration are less than for a single-blower system. Because each blower in a dual 

blower configuration handles less than the full pressure load, the blowers operate in a higher 

efficiency range. Third, all untreated vapor is handled in the vents, manifold, and vapor 

treatment system under negative pressure (less than atmospheric), reducing the risk of potential 

uncontrolled leaks or releases. Finally, higher carbon efficiencies are possible by reducing the 

relative humidity of the extracted air, since adsorbed water will reduce the carbon capacity. 

3.2.7 Vapor Treatment 

Pilot SVE systems are generally designed to utilize vapor-phase GAC for vapor treatment. 

Activated carbon can be used to treat most vapor streams but is most economically efficient for 

low contaminant concentrations when compared to other vapor treatment technologies. GAC 

efficiency for a given compound is affected by many factors including temperature, pressure, 

relative humidity, and contaminant concentration. Maximum efficiency is achieved under low 

temperature, high pressure, low relative humidity, and high concentration conditions. 

Unfortunately, it is difficult to control all these competing factors, so operational experience is 

required to maximize carbon efficiency while maintaining high contaminant removal rates. 

Other potential types of vapor treatment include catalytic oxidation or vapor combustion units, 

however, these are best utilized for high vapor VOC concentrations or compounds that are not 

readily adsorbed by GAC. 

A vapor phase activated carbon system will be used to remove VOCs from the extracted vapor 

stream. The activated carbon system will consist of two carbon bins in a series configuration 

between the two system blowers (Drawing No. 11). Each carbon bin will have inlet and outlet 

sampling ports to monitor contaminant removal efficiency and provide information when the lead 

carbon bin is spent or becomes saturated. @ 



ENVIRONMENTAL RESTORATION PROGRAM Manual: 21000-WP-OU2.07 0 Pilot Test Plan Soil Vapor Extraction Technology Section No. : 3.0, Rev.0 
Subsurface Interim MeasuredInterim Remedial Action Page: 13 of 14 
East Trenches Area (Operable Unit No. 2) Effective Date: 1/12/93 

3.2.8 Ground-Water Extraction 

SVE systems can cause an upwelling of a ground-water table in the vicinity of the vapor 

extraction vent. If the depth to ground water is shallow with respect to the vent, ground-water 

extraction may be necessary to suppress the ground-water table, thereby preventing water from 

being drawn directly into the vent and/or submersing the contaminated zone soils. Elsewhere, 

suppression of the ground-water table may be performed to increase the volume of vadose zone 

to be treated by SVE. Ground water can be extracted from the vapor extraction vent simply by 

installing a submersible ground-water pump into the vapor extraction vent; however, an air-tight 

surface seal must be provided for the ground-water extraction piping, power line, and controls 

to prevent unwanted short-circuiting (direct introduction of ambient air into the extraction vent) 

of the extraction vent. a 
The pilot SVE test at T-4 will include ground-water extraction from air extraction and air 

injection vents. As shown in Drawing No. 11, one pump will be installed in the sandstone 

extraction vent and one in the sandstone injection vent for a total of two recovery pumps. The 

purpose of ground-water extraction is to suppress the water table, which is expected to be 

encountered at approximately 35 feet bgs in the sandstone bedrock, hence increasing the volume 

of vadose zone to be treated by the pilot SVE system. 

The design flow basis for recovered ground water is 5 gallons per minute. This value was 

derived (as shown in Appendix E) from preliminary pumping test data and an estimated 

drawdown in the pilot test well@) no greater than 25 feet. 

The pumping test performed on the "Arapahoe Sandstone" during the Phase I1 RI (conducted 

during the Spring of 1992) achieved 7.5 feet of drawdown at a constant pumping rate of 1.5 

gallons per minute (gpm). This is equivalent to a hydraulic conductivity (K) of approximately 

1 .O feedday. However, it is important to note that the pumping test was conducted at a location 

approximately 200 feet east of the proposed SVE test site (T-4). Five gpm has been identified 
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as a maximum pumping rate (based on considerations associated with transportation and 

treatment of the recovered water), and the amount of drawdown created will be controlled by 

this specified pumping rate. 

Although the pumping schemes illustrated in the Subsurface IM/IRA Plan (EG&G, 1992b) show 

drawdown to the lower confining claystone, the actual drawdown induced in the vapor extraction 

vent will depend on the geology encountered and the actual ground-water extraction rate. The 

purpose of inducing drawdown is to expose VOCs retained in the sandstone below the water 

table and to subject them to treatment. 

The cones of depression induced by pumping ground water from the sandstone vapor extraction 

and air injection vents should overlap resulting in a combined pumping rate of less than two 

times the pumping rate required to induce equivalent drawdown in a single well. In addition, 

more water will be extracted from the extraction vent than from the injection vent. The negative 

pressures within the extraction vent will raise the water table requiring a higher pumping rate 

than in the air injection vent in order to maintain similar dynamic water levels (assuming the 

geologic conditions and well yields are the same). 

e 

Extracted ground water will be collected at the pilot test site and subsequently transported to the 

South Walnut Creek Basin Surface Water Treatment Facility (EG&G, 1991a; see Section 5.3). 

The South Walnut Creek Basin Facility was selected as the preferred RFP water treatment 

facility to process potentially contaminated ground water collected during SVE pilot testing 

(EG&G, 1992b). The alternative RFP water treatment facilities considered may still be used, 

however. The alternative facilities include the 88 1 Hillside Groundwater Treatment Facility and 

the Building 231B GAC Adsorption (planned)/Building 374 Evaporation Systems. Use of these 

alternative facilities will be based on several factors including actual ground-water flow rates and 

contaminant profile obtained during pilot testing as well as the available processing capacity at 

each facility. 
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The rationale for selection of the South Walnut Creek Basin surface water treatment system is 

presented in subsection 4.3.2.1 of the Subsurface IM/IRA Plan (EG&G, 1992b). Ground-water 

flow rate and contaminant profile data will be collected early in the pilot test program to help 

guide this decision, 
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Project Manager Quality Assurance Program Manager 

SECTION 4 

VAPOR EXTRACTION VENTS AND GROUND-WATER WELL SPECIFICATIONS 

The objective of the pilot SVE test described herein is to provide information concerning the 

removal of residual VOC contamination from soils and bedrock to support FS evaluation of SVE 

as a remedial action alternative for subsurface contamination underlying the East Trenches Area. 

The pilot SVE system will include the following: 

e alluvium extraction vent (1) 
e 

e 

e 

e alluvium PM probes (3) 

e sandstone PM probes (2) 

alluvium forced air injection vent (1) 

sandstone extraction vent and ground-water extraction well (1) 

sandstone forced air injection vent and ground-water extraction well (1) 

PM probes will be installed at various distances from the extraction vents to monitor subsurface 

pressure. PM probes will also be used as passive air inlets. Forced air injection vents, when 

not in operation, will also be used as PM probes and passive air inlets. Vapor manifold systems 

will be installed to connect the vapor extraction vents and forced air injection vents to their 

respective aboveground equipment. 

The following subsections provide the construction and performance specifications for the 

aforementioned vapor extraction vents, forced air injection vents, ground-water extraction wells, 

PM probes, and associated vapor manifolds. The construction specifications presented herein 

are empirical in nature. Substitute construction specifications may be employed provided the 
0 
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operating requirements are met. Operating requirements, where appropriate, are also described. 

All referenced design drawings have been included in Appendix A. 

It should be noted that the subcontractor providing the services described in this section will 

submit design drawings and design calculations to EG&G-Rocky Flats, Inc. for approval prior 

to purchasing any equipment and/or materials and prior to initiating any construction activities. 

EG&G approval of the submittals required by this Test Plan does not alleviate the subcontractor 

from the responsibility of providing a properly functioning pilot test system. 

4.1 EXTRACTION VENTS - GENERAL SPECIFICATIONS 

The typical extraction vent will consist of 4-inch inner-diameter well screen extended throughout 

the length of the treatment interval and centered within the borehole by a sandpack. The 

sandpack will allow air and ground water (where specified) to enter the vent, but will prevent 

any soil particles from entering the vent. This sandpack extends from the bottom of the borehole 

to 1 foot above the well screen section (i.e., the screened interval). The sandpack will be 

constructed of a sand with a sufficient nominal grain size so that sand will not enter the well 

screen. The lower end of the well screen will be sealed with an air-tight cap. The upper end 

of the well screen will be connected to a 4-inch inner-diameter riser pipe which will extend to 

a height 1 to 2 feet above ground surface. Directly above the sandpack (in the annulus around 

the riser pipe), a 1-foot layer of hydrated bentonite pellets will be emplaced, above which a 

cement/bentonite grout seal will be installed and brought to the ground surface. The bentonite 

layer will provide an air-tight seal to prevent short-circuiting of the vent (i.e., prevent leakage 

of air from the upper zone or from the atmosphere through the annular space and into the well 

screen), and will also prevent the overlying grout seal from flowing into the sandpack. All 

joints in the extraction vent will be threaded or chemically welded as required by the material 

0 

of construction. e 
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All vapor extractiodinjection vents and PM probes installed in bedrock will be isolated from the 

alluvium using a surface casing. A borehole, 4 inches larger than the casing diameter (specified 

in subsections 4.1 and 4.3) will be advanced 2 feet into bedrock. The oversized borehole will 

allow for the surface casing to be grouted in place. Centralizers will be attached to the casing 

at 10-foot intervals (minimum of two sets of centralizers). The surface casing will be pressure 

grouted in place by raising the casing 2 feet off the bottom of the borehole and pumping grout 

down the center of the casing and up through the annular space until it rises to the surface. A 

rubber plug will be inserted in the surface casing and forced down to the bottom of the casing 

with water pressure (RFP SOP No. GT. 03). The grout will be allowed to cure for 24 hours, 

and the water in the casing will be removed before drilling resumes. Subsequent drilling will 

be performed through the surface casing, resulting in a bedrock borehole diameter no larger than 

the inner diameter of the surface casing. 

Perform the development as soon as practical after well installation, but no sooner than 48 hours 

after grouting and pad installation is completed. New vent wells will be developed utilizing low- 

energy methods. The equipment of choice for well development is an inertial pump or bottom 

discharge/filling bailer. High-energy methods such as submersible pumps, surge blocks, 

overpumping, backwashing, and well jetting will not be used due to the possibility of formation 

fines clogging the well screen. 

All newly installed wells will be checked for the presence of immiscible layers prior to well 

development. The method for detecting these layers in monitoring wells is discussed in SOP 

GW.l. 

Water Level Measurements in Wells and Piezometers. If an immiscible layer of 5 mrn or 

greater has been detected in a newly installed well, well development procedures will not 

continue until the EG&G project manager has been notified. In the case where an immiscible 

layer is not identified, a water level measurement will be taken according to SOP GW. 1, Water 

Level Measurements, and well development activities will continue. The water level 

@ 
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measurement along with the total depth measurement will be used to determine the volume of 

water in the well casing. Well casing calculations are presented in Subsection 5.2.1.1 of this 

SOP. 

Formation water and fines will be evacuated by slowly lowering and raising the inertial pump 

or bailer intake throughout the water column. Criteria which indicate a fully developed well 

along with additional details of the development procedure are presented in RFP SOP 

No. GW.02. The inertial pump may be placed inside a decontaminated 1-inch diameter PVC 

pipe if the pump intake cannot be lowered to the bottom of the well. The PVC pipe will prevent 

the inertial pump intake from bending prior to reaching the desired depth. EG&G will 

determine whether an inertial pump will be dedicated to a specific well based on verified organic 

vapor detector (OVD) readings obtained during the drilling of the well. OVD readings are 

described in SOP FO. 15, Photoionization Detectors and Flame Ionizing Detectors. If a bailer 

is used for well development, it will be used with a mechanical reel equipped with a stainless 

steel cable. Development equipment will be protected from the ground surface with clear plastic 

sheeting. Development equipment, including bailers and pumps, will be decontaminated before 

well development begins and between well sites according to SOP F0.3, General Equipment 

Decontamination. Following well development, a groundwater sample will be taken for 

laboratory analysis to identify groundwater sample characteristics (see subsection 7.3.4 for 

specific groundwater analytes) . 

@ 

Estimated recharge rates will be measured following the procedures outlined in SOP GW. 1, 

Water Level Measurements in Wells and Piezometers. Decontamination and development water 

will be handled according to SOP F0.7, Handling of Decontamination Water and Wash Water, 

and SOP F0.5, Handling of Purge and Development Water, respectively. 

Measuring points will be established on the riser pipe of all vents and PM probes. Horizontal 

and vertical control will be established on the measuring points to within 1.0 and 0.01 feet, 

respectively. Procedures associated with land surveying are described in RFP SOP No. FO. 17. 
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Drawing Nos. 1 and 2 (see Appendix A) indicate the layout of the vents and probes for the 

alluvium and sandstone, respectively, in relation to the western end of T-4. The specific 

construction requirements for each of the individual extraction vents is discussed below. It 

should be noted that the typical air injection vent will be similar in construction to the typical 

extraction vent. Forced air injection rates were conservatively chosen not to exceed 50% of the 

vapor extraction rates to ensure that contaminated vapors will not be forced away from the 

extraction vents. During air injection periods, surrounding PM probes will monitor subsurface 

pressure to confirm that the injected air is being withdrawn at the extraction vent. 

4.1.1 Alluvial Extraction Vent 

Depth - The alluvial extraction vent will be constructed to a depth of 2 feet below sandstone 

surface. The screened interval will extend from 9 feet bgs to a depth of 2 feet below sandstone 

surface. 
@ 

Construction/Performance Requirements - The alluvial extraction vent depth and construction 

requirements are illustrated on Drawing No. 3. As shown on Drawing No. 3, the alluvial 

extraction vent will be constructed to meet the following requirements: 

Quantity (1) One. 

Orientation Vertical. 

Piping Specifications Well screen: 4-inch inner-diameter, 0.01-inch slot. 
Riser pipe: 4-inch inner-diameter. 

Borehole Diameter 8-inch. 

Screened Interval Top: 9 feet bgs. 
Bottom: 2 feet below sandstone bedrock surface. 

e Extraction Rate Variable, expected to be 10-15 scfm/ft of screened 
interval. 
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0 Operating Pressure 15-inch Hg negative pressure at the vent well head. 

4.1.2 Alluvial Forced Air Iniection Vent 

Depth - The alluvial air injection vent will be constructed to the sandstone bedrock surface. 

The screened interval will extend from 9 feet bgs to the sandstone bedrock surface. 

Construction/Performance Requirements - The alluvial air injection vent depth and 

construction requirements are illustrated on Drawing No. 4. As shown on Drawing No. 4, the 

alluvial air injection vent will be constructed to meet the following requirements: 

0 Quantity 

0 Orientation 

(1) One. 

Vertical. 

0 Piping Specifications Well screen: 4-inch inner-diameter, 0.01 inch slot. 
Riser pipe: 4-inch inner-diameter. 

0 Borehole Diameter 8-inch. 

0 Screened Interval Top: 9 feet bgs. 
Bottom: sandstone bedrock surface. 

0 Injection Rate 10 - 50%. of the extraction rate of the alluvial 
extraction vent. 

0 Operating Pressure Maximum: 5 pounds per square inch (psi) at air 

injection blower. 

4.1.3 Sandstone Extraction Vent 

Depth - The sandstone extraction vent will be constructed to a depth of 5 feet below claystone 

surface (if encountered), and a minimum of 50 feet bgs or a maximum of 90 feet bgs. Claystone 
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surface will be defined as the first continuous claystone bedrock interval, as indicated by 5 

consecutive feet of claystone, encountered below 50 feet bgs. The screened interval will extend 

from 4 feet below sandstone surface to the bottom of the borehole. 

Construction/Performance Requirements - The sandstone extraction vent depth and 

construction requirements are illustrated on Drawing No. 5. The sandstone extraction vent will 

be fitted with a submersible ground-water pump, which will be installed within the well screen 

of the extraction vent as shown on Drawing No. 5. Ground-water extraction pump construction 

details are outlined in Subsection 4.2. The sandstone extraction vent will also be cased from 

ground surface to a depth of 2 feet below sandstone bedrock surface with a steel surface casing. 

The casing will serve to minimize any cross-contamination between the alluvium and sandstone. 

In addition, the sandstone extraction vent will be constructed to meet the following requirements: e 
0 Quantity (1) One. 

0 Orientation Vertical. 

0 Piping Specifications Well screen: 4-inch inner-diameter, 0.01 inch slot. 
Riser pipe: 4-inch inner-diameter , 

0 Borehole Diameter 8-inch (sandstone). 
12-inch (alluvium). 

0 Surface Casing 8-inch diameter. 
Specifications 

0 Screened Interval Top: 4 feet below sandstone bedrock surface. 
Bottom: 5 feet below claystone bedrock surface, 
and a minimum of 50 feet or a maximum of 90 feet 
bgs. 

0 Extraction Rate 

0 Operating Pressure 

Variable, typically 1 to 10 scfmift of screened 
interval. 

15-inch Hg negative pressure at the vent well head. 
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Wells will be developed in accordance with RFP SOP GW.02. 

4.1.4 Sandstone Forced Air Iniection Vent 

Depth - The sandstone air injection vent will be constructed to a depth equal to that of the 

sandstone extraction vent. The screened interval will extend from 4 feet below sandstone 

bedrock surface to the bottom of the borehole. 

Construction/Performance Requirements - The sandstone air injection vent depth and 

construction requirements are illustrated on Drawing No. 6. The sandstone air injection vent 

will be fitted with a submersible ground-water pump, which will be installed within the well 

screen of the air injection vent as shown on Drawing No. 6. Ground-water extraction pump 

construction details are outlined in Subsection 4.2. The sandstone air injection vent will also 

be cased from ground surface to a depth of 2 feet below sandstone bedrock surface with a steel 

surface casing. The casing will serve to minimize any cross-contamination between the alluvium 

and sandstone. In addition, the sandstone air injection vent will be constructed to meet the 

following requirements: 

0 Quantity (1) One. 

0 Orientation Vertical. 

0 Piping Specifications Well screen: 4-inch inner-diameter, 0.01-inch slot. 
Riser pipe: 4-inch inner-diameter. 

0 Borehole Diameter 8-inch (sandstone). 
8-inch (alluvium). 

0 Surface Casing 8-inch diameter. 
Specifications 

0 Screened Interval Top: 4 feet below sandstone bedrock surface. 
Bottom: Total depth of sandstone extraction vent. 
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e Injection Rate 10 - 50% of the extraction rate of the sandstone 
extraction vent. 

e Operating Pressure Maximum: 5 psi at air injection blower. 

Wells will be developed in accordance with RFP SOP GW.02. 

4.2 GROUND-WATER EXTRACTION PUMPS - GENERAL SPECIFICATIONS 

Ground-water extraction pumps will be installed within the well screens at the bottom of the 

boreholes of the sandstone extraction vent and the sandstone forced air injection vent. Individual 

ground-water pumps will be sized to deliver ground water at a constant rate of 1 to 6 gpm from 

a depth of 90 feet bgs. The design extraction rate is 2.5 gpm. The electrical and ground-water 

conduits will extend from the submersible pump to the top of the borehole, and will exit through 

an air-tight seal in the vapor manifold. Configurations shown on Drawing Nos. 5 and 6 are 

typical only. Alternative layouts may be proposed (e. g . , pitless adapters). 

@ 

The performance specifications for the ground-water extraction pumps will be the following: 

e Quantity Two (2) 

e Type Stainless steel submersible 

e Flow rate 1 - 6 gpm (pump operating range) 

e Diameter 4-inch (maximum) 

e Power requirements: 

- Horsepower 1/3 HP 

e Outlet connections 3/4-inch (minimum) 
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In addition, ground-water extraction pumps will have the following requirements: 

Pumps will extract ground water from 4-inch diameter wells at a maximum depth 
of 90 ft. 

e Pumps will be selected for continuous operation at any point of the performance 
curve for the specified pump speed. 

0 Each pump will include a run-time monitor for scheduling maintenance. The run- 
time monitor will be panel-mounted and provided by the subcontractor performing 
the services outlined in Section 6. Each pump should be equipped with an 
electrical connection designed for easy connection to their respective panel- 
mounted run-time monitor. 

Each pump will include a separate overload protector (to prevent motor overload 
if no fluid is being pumped). 

e Each pump will be driven by a motor attached below the pump section. 

e Submersible pumps and motors will be designed for continuous operation. 

All pumps, motors, and associated components will be compatible with the VOCs 
present in the water. Also, pumps will be designed to prevent any binding or 
breakage due to differential thermal expansion rates of the materials of 
construction. 

A panel-mounted hand/off/automatic switch shall be provided for each ground- 
water extraction pump by the subcontractor performing the services outlined in 
Section 6. The automatic mode shall invoke automatic control of the pump to 
maintain an approximately constant ground-water level in each well. Level 
control will be achieved by automatically setting a flow control valve on the 
ground-water effluent line to achieve a constant ground-water level. A low-level 
switch will be provided to override control and turn the pump off to prevent it 
from "running dry. 'I Each pump should be equipped with an electrical connection 
designed for easy connection to their respective panel-mounted hand/off/automatic 
switch. 

The power cord will be of sufficient length to extend 75 feet beyond the top of 
the extraction vent casing. Connection of the power cord to the power source is 
described in Section 5. 

All electrical components will be suitable for use in a National Electric Code 
(NEC) Class 1 , Division I1 environment. 
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0 Each pump motor will be equipped with a separate overload device and thermal 
protector (to prevent motor overload if no fluid is being pumped) designed to 
meet NEC code for motor controllers. 

Upon selection of the ground-water extraction pumps, the following information will be provided 

to EG&G-Rocky Flats, Inc. by the subcontractor providing the ground-water extraction pumps: 

Pumm 

0 Rated Capacity 

0 Dynamic Head 

0 Static Head 

Total Discharge Head 

Flow Range 

0 Design Efficiency 

Manufacturer 

0 Model Number 

0 Performance Curve 

Motors 

0 Speed 

0 Horsepower 

0 Volts/Phase/Frequency 

0 Diameter 

All sizing calculations will be included in this submittal to EG&G. 

Final sizing of ground-water extraction pumps will take place after the vents have been 

constructed. At that time, an accurate depth to water will be determined as well as the water 

yield from the sandstone vents. 
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4.3 PRESSURE MONITORING (PM) PROBES - GENERAL SPECIFICATIONS 

The PM probes will measure subsurface negative pressures at various distances away from the 

extraction vents, which will be used to assess the radius of influence of each vent. The typical 

alluvial pressure monitoring probe will consist of 1 - to 2-inch outer-diameter screened drive 

point pipe installed at a depth 2 feet above the total depth of its associated extraction vent. The 

screened portion of the drive point pipe is typically 1 foot in length, however, since the PM 

probes may also be employed as passive air inlets, the screened portion of the drive point pipe 

will be 3 feet in length to permit adequate air supply. In addition, the alluvial PM probes will 

be installed 4 feet above the total depth of the alluvial extraction vents since the alluvial 

extraction vents penetrate 2 feet into the sandstone bedrock surface. Specifically, it would not 

be desirable to have the alluvial PM probes installed 2 feet above the total depth of the alluvial 

extraction vents (i.e. , at the alluvium/sandstone interface) , since unanticipated perched ground 

water, if encountered, would affect their operation. 

0 

The typical sandstone pressure monitoring probe will consist of 1- to 2-inch outer-diameter well 

screen installed at a depth equal to the total depth of its associated extraction vent. The well 

screen will extend for the entire length of the screened interval of its associated extraction vent. 

4.3.1 Alluvial PM Probes 

Depth and Location - Drawing No. 1 shows the locations of the three PM probes for the 

alluvium. All alluvial PM probes will be constructed, installed, and completed to a depth of 2 

feet above sandstone bedrock surface. As shown in Drawing No. 1, two probes will be placed 

on the southern side of T-4 at distances of 15 (APM2) and 20 (APM3) feet from the alluvial 

extraction vent. The remaining PM probe (APM1) will be placed on the northern side of T-4 

at a distance of 5 feet from the alluvial extraction vent. 0 
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Construction/Performance Requirements - The alluvial PM probes depth and construction 

requirements are illustrated on Drawing No. 7 .  As shown on Drawing No. 7, the alluvial PM 

probes will be constructed to meet the following requirements: 

e Quantity (3) Three. 

e Piping Specifications Screened drive point pipe: 1- to 2-inch outer- 
diameter, 0.0 1 -inch slot, 3-fOOt screened interval. 
Riser pipe: 1- to 2-inch outer-diameter. 

e Borehole Diameter 4-inch. 

When installing the alluvial PM probes, the borehole will be advanced to a depth 5 feet above 

the desired completion depth (7 feet above the sandstone bedrock surface). The probe will then 

be driven into the soil the remaining 5 feet using the drill rig hydraulics or the split-spoon 

hammer. This will allow the drive point and screened section of the PM probe to be situated 

in undisturbed soil. If this technique is unsuccessful, the borehole will be advanced to its 

completion depth and the screened drive point pipe will be centered within the bottom of the 

borehole by a 5-foot-thick sandpack. The sandpack will be constructed of a sand with a 

sufficient size number so that sand will not enter the screened drive point pipe. A 1- to 2-inch 

outer-diameter riser pipe will be connected to the upper end of the screened drive point pipe and 

will be brought to a height 1 foot above ground surface. Directly above the undisturbed soil or 

sandpack (in the annulus around the riser pipe), a 1-foot layer of hydrated bentonite pellets will 

be emplaced, above which a cement/bentonite grout seal will be installed and brought to the 

ground surface. The top of the probe will be covered with an air-tight cap, which will have a 

port for attaching a pressure monitoring gauge. 

4.3.2 Sandstone PM Probes 

@ Depth and Location - Drawing No. 2 shows the locations of the two PM probes for the 

sandstone bedrock. The sandstone bedrock PM probes will be constructed, installed, and 
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completed to a depth equal to the top of claystone bedrock surface, as determined by the 

installation of the sandstone bedrock extraction vent, or total depth of the bedrock extraction vent 

if 5 consecutive feet of claystone bedrock is not encountered during sandstone bedrock extraction 

vent construction. As shown on Drawing No. 2, one probe will be placed on the southern side 

of T-4 at a distance of 5 (SPM2) feet from the sandstone air injection vent, while the other probe 

will be placed on the northern side of T-4 at a distance of 5 (SPM1) feet from the sandstone 

extraction vent. 

ConstructiodPerformance Requirements - The sandstone PM probes depth and construction 

requirements are illustrated on Drawing No. 8. The sandstone PM probes will be cased from 

ground surface to a depth of 2 feet below sandstone bedrock surface with a steel casing. The 

casing will serve to minimize any cross-contamination between the alluvium and sandstone. As 

shown on Drawing No. 8, the sandstone PM probes will be constructed to meet the following 

requirements : 
@ 

0 Quantity (2) Two. 

0 Piping Specifications Well screen: 1-to 2-inch outer-diameter, 0.01-inch 
slot. 
Riser pipe: 1- to 2-inch outer-diameter. 

0 Borehole Diameter 4-inch (sandstone). 
8-inch (alluvium). 

0 Surface Casing 4-inch diameter. 

0 Screened Interval Top: 4 feet below sandstone bedrock surface. 
Bottom: Top of claystone bedrock surface or total 
depth of sandstone extraction vent. 

When installing sandstone PM probes, the borehole will be advanced to its completion depth, 

and the well screen will be centered within the borehole by a sandpack which will extend to a 

height 1 foot above the top of the well screen. The sandpack will be constructed of a sand with 
0 
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a sufficient nominal grain size so that sand will not enter the well screen. A 1- to 2-inch outer- 

diameter riser pipe will be connected to the upper end of the well screen and will be brought to 

a height 1-foot above ground surface. Directly above the sandpack (in the annulus around the 

riser pipe), a 1-foot layer of hydrated bentonite pellets will be emplaced, above which a 

cement/bentonite grout seal will be installed and brought to the ground surface. The top of the 

probe will be covered with an air-tight cap, which will have a port for attaching a pressure 

monitoring gauge. 

4.4 VAPOR MANIFOLDS - GENERAL SPECIFICATIONS 

As shown on Drawing No. 9, vapor extraction vents and forced air injection vents will be 

connected to individual vapor headers by aboveground systems of 4- to 6-inch manifolds and 90- 

degree elbows (Drawing Nos. 3 and 4) or tees (Drawing Nos. 5 and 6). Manifolds from each 

extractiodinjection vent will be equipped with a 4- to 6-inch-diameter butterfly valve which will 

be used to regulate the air flow in each vent. Manifolds from each extractionhnjection vent will 

also be equipped with a changeable orifice plate to measure air flow rates. In addition, sampling 

ports for temperature, pressure, and sample collection will be provided as indicated on Drawing 

No. 9. Manifolds from the extraction vents will be sloped (1 % slope) back towards the vent to 

provide drainage of condensate. 

0 

The vapor headers will be constructed for easy connection to the mobile vapor extraction pilot 

unit (described in Section 6). The mobile vapor extraction pilot unit will be equipped with a 

dilution air line and valve (located immediately upstream of the knockout drumidemister) for the 

vapor extraction header to prevent blower motor overload. The dilution air valve can be opened 

to allow ambient air into the blower during normal operation or in the event of the motor 

overheating, thereby relieving motor overload. In addition, the mobile vapor extraction pilot 

unit will be equipped with a bleed air line and valve (located downstream of blower B-3) for the 

air injection header. The bleed air valve can be opened during air injection periods to regulate 

the flow rate of air supplied. 

@ 
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4.5 PIPING REOUIREMENTS 

All materials used for piping, pipe joining and seaming, and associated fittings (e.g., valves, 

caps, ports, etc.) described in Section 4 will be chemically resistant to and compatible with TCE, 

TCA, carbon tetrachloride, chloroform, PCE, and other VOCs. Piping materials will consist 

of polyvinyl chloride (PVC), chlorinated PVC (CPVC), high-density polyethylene (HDPE), 

steel, or polypropylene as decided by the subcontractor providing the services described in this 

section with EG&G-Rocky Flats, Inc. approval. Double-wall piping will be used for all 

groundwater and knockout drum effluent lines. 

4.6 OPERATING TEMPERATURE RANGE (WINTERIZATION) 

@ All non-buried piping and associated fittings outside of the equipment trailer will be winterized 

to prevent freezing of extracted moisture during the winter months. Winterization will consist 

of insulating jackets and heat tape (if necessary). Thermocouples will be employed to regulate 

heat tape elements. All thermocouples and heat tape elements will be protected from the 

expected environmental conditions (protection to -20 degrees fahrenheit [ O F ]  minimum) 

encountered year round at the RFP. 

4.7 USEFUL LIFE REOUIREMENTS 

All materials and construction activities outlined in Section 4 will be designed and installed for 

a useful life of at least 5 years from date of acceptance. 

4.8 DRILLING AND SAMPLING PROCEDURES 

4.8.1 DrillinP Procedures 

Most of the drilling will be performed using a truck-mounted, hollow stem auger drilling rig. 

However, drilling for the installation of surface casing may be conducted using a solid stem, 

0 
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continuous flight, or bucket auger. Prior to drilling with solid stem or bucket auger, a (small 

diameter) pilot hole will be advanced to bedrock using a hollow stem auger to facilitate 

collection of undisturbed soil samples, Procedures associated with hollow stem auger drilling 

and sampling are described in RFP SOP No. GT.02. The borehole diameters specified in 

Subsections 4.1 through 4.3 are equivalent to the inner diameter of the hollow stem auger flights 

or outer diameter of the solid stem or bucket auger (for the installation of surface casing only). 

Drilling and sampling will be conducted with decontaminated equipment. Decontamination 

procedures are described in RFP SOP Nos. F0.03, F0.04, F0.06, and FO. 12. Procedures for 

the handling of drilling fluids, cuttings, residual samples, and PPE are provided in RFP SOP 

Nos. F0.07, F0.08, and F0.09. 

4.8.2 SamDlinP Procedures e 
Undisturbed soil samples will be collected continuously during hollow stem auger drilling. The 

samples will be collected using a "California" ring sampler. The entire length of the sampler 

will be lined with stainless steel or brass rings. Each ring will be 6 inches in length, 2.5 inches 

in outer diameter, and 2.4 inches in inner diameter, The sampler will be driven ahead of the 

auger to the desired depth with a standard 140-pound slide hammer falling freely from a height 

of 30 inches. The number of blows required to drive the sampler (12 or 18 inches, depending 

on the length of the sampler) will be counted and documented. Sampler refusal is defined as 

100 blows with less than 6 inches of penetration. The sample will be brought to the surface and 

removed by opening the sampler along its length or by using an extruder. The sample rings will 

be screened for organic vapors using a portable photoionization detector (PID) or flame 

ionization detector (FID) such as an HNu or OVA (RFP SOP No. FO. 15). The sample rings 

will also be scanned with a portable alpha field detector (RFP SOP No. F0.18). The sample 

will be visually inspected for soil type, staining, or other characteristics. Observations will be 

recorded in a field logbook and on soil boring logs. Soils will be described according to the 

unified soil classification code (RFP SOP No. GT.01). The ends of the metal rings will be 0 
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covered with Teflon sheeting, capped with air-tight plastic caps, sealed with tape, labeled, and 

stored in an iced cooler. 

Only selected soil samples will be analyzed for VOCs and radionuclides. For soil samples 

collected during the advancement of soil borings for extraction vents, the three samples that 

displayed the highest organic vapor readings will be analyzed for VOCs. If no organic vapors 

are detected during field screening, samples will be collected from 6 feet bgs (assumed total 

depth of disposal trench T-4), from the bottom of the borehole and from the midpoint of the 

boring. Procedures for containerizing, preserving, handling and shipping water and soil samples 

are presented in RFP SOP No. FO. 13. 

For soil samples collected during the advancement of soil borings associated with the installation 

of PM probes, the sample displaying the highest organic vapor reading will be analyzed for 

VOCs. If no organic vapors are detected during field screening, the sample collected from the 

midpoint of the boring will be analyzed for VOCs. 

0 

Radiochemical analyses will be limited to samples collected from borings advanced for vent well 

construction only. The intention is to investigate the likelihood of recovering radionuclide- 

contaminated soil particles during pilot test operation. As PM probes will be used for air inlet 

or injection, there is minimal risk of mobilizing radioactive soil particles at the PM probes 

during operation of the system. 

For each soil boring, the soil samples collected at 5, 10, and 15 feet will be composited, and 

one sample submitted for laboratory radionuclide analyses, The ring sampler will contain at 

least two rings per sample interval, therefore, it will be possible to submit one undisturbed ring 

for VOC analyses and use the second ring to create the composite sample for radionuclide 

analyses. The compositing procedure is described below, e 
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~ ~ 

Soils will be extruded from the appropriate sampling rings, placed on clean butcher or kraft 

paper, and divided so that no clumps remain. Each corner of the paper will be lifted 

alternatively, rolling the soil over on itself and towards the opposite corner. This procedure will 

continue until the soil has been rolled onto itself 20 times. The sample aliquot will be collected 

by removing the needed amount from at least five different areas of the mixed soil pile. 

4.8.3 Analvtical Procedures 

Soil samples will be analyzed, as appropriate, for TCL VOCs and radionuclides including gross 

alpha and beta; strontium 89, 90; plutonium 239, 240; americium 241; and total uranium 

2331234, 235, 238. Analytical procedures will conform to those described in General 

Radiochemistry and Routine Analytical Services Protocol (GRRASP) (EG&G, 1990). a 
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F.8.4 Field Activities to Support Remedial Design at OU 2 

Figure 1-1 shows the locations of three of the five proposed boreholes. These 
locations are based on previous detections of Non-Aqueous Phase Liquid (NAPL), or 
liquid in Trench T-3 near Alluvial Pressure Monitor (APM) 25 Borehole (BH) 10191 and 
will be used for additional characterization east of SVE wells. One borehole will be 
located near BH 10191 (Approximately 5 feet east), the other boreholes will be located 
near APM-25 (within 5 feet) and in the eastern end of Trench T-3 (approximately 50 feet 
east of BH 24793). The fourth borehole will be located approximately five feet north of 
boring 25294. The fifth borehole will be located midway between borings 25294 and 
25394. A geophysical survey was conducted prior to drilling to identify the presence of 
metal below the drilling locations. The geophysical method selected for this purpose 
used a Geonics EM-31 terrain conductivity meter operating in continuous recording mode 
over the survey area per RFETS ERM SOP GT.18, Surface Geophysical Surveys. 

Table 1-1 summarizes the drilling program and analytical testing for site characterization 
of Trench T-3. Equipment rinsate samples will be collected prior to drilling and sampling 
each day when sampling is performed. Equipment rinsate samples will be collected in 
accordance with the Quality Assurance Project Plan (QAPP). Drilling and sampling of 
each soil boring will be performed in compliance with SOP GT.02, Drilling and Sampling 
Using Hollow Stem Auger Techniques. Boreholes will be drilled and sampled to 10 feet 
using 3.5-inch inside diameter (ID) hollow stem augers. The boreholes will be 
continuously sampled to total depth using a 2-foot split spoon sampler. Discrete 
samples will be collected for volatile organic analysis (VOA) in stainless-steel liners 
inside the split spoon. The two VOA samples exhibiting the highest Photoionization 
Detector (PID) readings will be selected for analysis. If no organic compounds are 
detected by the PID, VOA samples will be collected from the 5-fOOt and 10-foot 
intervals. One composite sample over a 2-foot interval will be collected for Total 
Organic Carbon (TOC) analysis from each borehole. Composite samples for 
radiological screening and SVOC will be collected from the 5-fOOt and 1 0-foot intervals. 
The prescribed compositing technique is described in SOP F0.13, Containerization, 
Preservation, Handling, and Shipping of Soil and Waste Samples. If the presence of 
NAPL is detected in e borehole, a bailer will be used to collect the liquid. The NAPL will 
be analyzed for VOCs and SVOCs. Table 1-1 identifies the samples to be collected 
and the analyses required. Sample numbers for the boreholes will be established by 
Rocky Flats Environmental Database System (RFEDS) for tracking and transfer of 
analytical data to EG&G. The field geologist will visually log the core from the borehole 
using the Unified Soil Classification System (USCS). Core recovered in the drilling 
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operations will be boxed and stored in a designated EG&G storage facility. The core 
will be logged in detail according to SOP GT.1, Logging Alluvial and Bedrock Material. 
The borehole logs will then be transcribed into logger log format. 

If liquids are encountered during drilling and removal is required, a peristatic pump (or 
equivalent) may be used to transfer the liquid to the appropriate storage container. 

Following the drilling and sampling, the boreholes will be abandoned with a bentonitel 
cement grout mixture from the total depth to the surface using a side discharge tremie 
pipe. The group mixture shall consist of 99% organic free bentonite grout with no 
polymer additives, mixed in a ratio of 5% bentonite to 95% cement by weight with 
approximately 8 gallons of water to every 100 pounds of bentonitekement mix, as per 
SOP GT.5, Plugging and Abandonment of Boreholes. A mud balance will be used to 
assure grout density is not less than 9.9 pounds per gallon prior to use. A monument 
designating the borehole number, the project name and date will be placed at the 
surface 24 hours after the grout has cured. 

Personnel involved in drilling and sampling will comply with the site specific Health and 
Safety Plan. Drilling and sampling will be performed by personnel in level B Personnel 
Protective Equipment (PPE). Personnel will consist of: a field geologist, a Health and 
Safety Specialist (HSS), and a technician to monitor the air supply, as well as the drill 
rig operator and helper. 

All soil and liquid waste generated by drilling activities will be containerized per SOP 
F0.08, Handling of Drilling Fluids and Cuttings, and SOP FO.10, Receiving, Labeling 
and Handling Environmental Materials Containers. PPE will be disposed of per SOP 
F0.06, Handling of Personal Protective Equipment. 

The drill rig and downhole drilling and sampling equipment (augers, bits, hex rods, etc.) 
will be decontaminated at the main decontamination facility before mobilizing to the SVE 
field site and following completion of drilling activities, per SOP F0.03, General 
Equipment Decontamination, and SOP F0.04, Heavy Equipment Decontamination. 
The drill rig will also be inspected and approved by both the Subcontractor and RFETS 
safety personnel before it will be allowed to proceed to the drill site. 
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Project Manager Quality Assurance Program Manager 

SECTION 5 

SITE PREPARATION 

5.1 INTRODUCTION 

Site preparations will be necessary to facilitate the installation and operation of the pilot SVE 

system. The following subsections discuss tasks to be performed such as preparation of site 

access, installation of a ground-water storage tank, supply of a portable power source, and 

connection of aboveground equipment. 
@ 

It should be noted that the subcontractor providing the services described in this section will 

submit design drawings and design calculations to EG&G-Rocky Flats, Inc. for approval prior 

to purchasing any equipment and/or materials and prior to initiating any construction activities. 

5.2 SITE ACCESS/PREPARATION 

Prior to installation and operation of the pilot SVE system, proper site access will be made 

available. As shown on Figure 5-1, the gravel roadway to the northwest of T-4 will be used for 

site access. 

A temporary site work area will be constructed by gravel covering an approximate 5,000-square- 

foot area located at the northwestern corner of T-4 (see Figure 5-1). The gravel cover will be 

approximately 6 inches thick (compacted). The aboveground storage tank for the extracted 

ground water (see Subsection 5.3) will be installed on the site work area. During SVE 
0 
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Project Manager Quality Assurance Program Manager 

1) Figure 5-1 Trench T-4 Area Layout (11" x 17" figure) 
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operation, the system equipment trailer and the ground-water tank wagon (when necessary) will 

be located on the site work area. The gravel cover for the site work area will provide sufficient 

bearing strength to support the anticipated vehicular traffic and the ground-water storage tank. 

To minimize disturbance to the surface soils in the East Trenches Area, the work site area will 

be leveled by the use of additional gravel to fill in localized low areas. Grading of the surface 

soils will not be performed. In addition, dust suppression techniques, such as wetting the 

surface soils, will be employed to satisfy the performance standards included in the Health and 

Safety Plan. 

5.3 GROUND-WATER STORAGE AND TRANSPORTATION 

@ Ground water will be recovered from the sandstone vapor extraction/air injection vents at a 

design rate of 5 gpm. Extracted ground water will be pumped to a 10,000-gallon or greater (air 

space capacity) enclosed modular, prefabricated or frac storage tank installed on the site work 

area. The storage tank will be designed not to exceed the bearing strength of the gravel cover 

and underlying alluvium. The storage tank will be properly supported to maintain tank integrity, 

provide structural support to tank bottom and side walls, and prevent differential settlement. 

Access to the top of the tank will be provided. The storage tank will be provided with 

secondary containment. The secondary containment used wil be either a double-walled tank with 

interstitial leak detection of a temporary containment structure surrounding the tank. Drip pads 

for spill control will be provided for storage tank and tank truck hose connections, and will be 

used during tank truck loading. The storage tank and all associated equipment will be 

constructed of materials chemically resistant to and compatible with TCE, PCE, carbon 

tetrachloride, chloroform, and TCA and other VOCs. The storage tank will be designed to 

maintain proper operation at all expected ambient conditions (described in Subsection 6.2.4). 

This includes heat tracing to prevent freezing and tie-downs to keep the storage tank in place 

during periods of high wind. In addition, the storage tank will include the following: 0 
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0 inlet port (1) 

0 discharge port (1) 

0 access manway (1) 

0 atmospheric breather vent with attached GAC canister (1) 

0 level gauge (1) 

0 high level alarm with automatic ground-water pump shutoff (see Drawing No. 11 
for required process control loop) (1) 

0 temperature gauge (1) 

Transportation of ground water from the aboveground storage tank to the South Walnut Creek 

Water Treatment System will be provided by EG&G-Rocky Flats, Inc. A 5,000-gallon pump 

truck will be utilized for this purpose. The capacity of the pump truck is such that the pump 

truck will be able to empty the tank on a daily basis (i.e., transport a daily maximum of 7,200 

gallons), allowing for an adequate turnaround time during unloading. At the South Walnut 

Creek Water Treatment System, the water will be transferred to the system’s equalization tank. 

Details concerning the capacity of the South Walnut Creek Treatment System were presented in 

the IRAP. 

5.4 PORTABLE POWER SOURCE 

Because of the remote location of the East Trenches Area, a portable power source will be 

required. The equipment run off this power source will include all the equipment on the 

equipment trailer (see Section 6), ground-water extraction pumps, and any heating system 

required for the ground-water storage tank and the aboveground piping. The portable power 

source will meet the following specifications: - -  

0 Minimum Power Rating 
0 Voltages 

- 125 kilowatts (kW) 
- 110/230/460 
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0 Phases - 1 and 3 

0 Fuel - Diesel 
0 Maximum Voltage Drop - 25 % 

0 Max. Fuel Consumption Rate - 6 gallhr 
0 Min. Fuel Capacity - 48 hrs. 
0 Cooling System - Radiator 

In addition, the portable power source will be trailer-mounted to allow easy transport throughout 

the facility. The portable power source will be designed to withstand expected environmental 

conditions as described in Subsection 6.2.4. The location of the portable power source will be 

approved by EG&G. 

These specifications are subject to change based on the equipment (blowers, ground-water 

pumps, analytical instruments, etc.) selected, The portable power source specifications and 

sizing calculations will be submitted to EG&G prior to purchase. * 
5.5 EOUIPMENT CONNECTIONS 

Prior to system operation, all components of the pilot SVE system will be connected. This will 

include but will not be limited to the following: 

0 Connection of vapor extraction header to designated connection on equipment 
trailer. 

0 Connection of forced air injection header to designated connection on equipment 
trailer. 

0 Connection of ground-water extraction wells and knockdown drum water 
discharge stream to the ground-water storage tank. 

0 Connection of ground-water extraction wells, equipment trailer, and ground-water 
storage tank to the power source. 
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Following pilot system assembly, the completed pilot system will be checked to verify proper 

connection of all associated equipment. 
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Project Manager Quality Assurance Program Manager 

SECTION 6 

MOBILE VAPOR EXTRACTION PILOT UNIT SPECIFICATIONS 

6.1 INTRODUCTION 

The mobile vapor extraction pilot unit is comprised of two blowers, vapor treatment system, and 

associated equipment. The purpose of this unit is to (1) induce a negative pressure to extract 

air out of the extraction vents, (2) treat the vapors and air prior to discharge, and (3) provide 

measurement of critical performance parameters. In addition, the air injection blower is 

considered part of the mobile vapor extraction pilot unit. The mobile vapor extraction pilot unit 

includes the following major components: 

0 Positive Displacement Blowers for Air Extraction and Injection 

0 Knockout Drum/Demister 

0 HEPA Filters 

0 Vapor-Phase GAC Units 

0 In-line Process Indicators for Pressure, Temperature, Flow Rate, Relative 
Humidity, and Radiation 

The mobile vapor extraction pilot unit will be trailer-mounted to provide portability among 

proposed SVE test locations. It should be noted that the mobile vapor extraction pilot unit was 

designed for pilot testing SVE technology at all of the candidate OU2 test sites (i.e., IHSS Nos. 

109, 110, 111.1, 112, and 113). A general site layout schematic is shown in Figure 6-1. a 
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1) FIGURE 6-1 Schematic Work Site Layout 
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The following subsections provide the design and performance specifications for the individual 

components of the mobile vapor extraction pilot unit. Also included is a discussion of the 

process monitoring and control instrumentation. It should be noted that, although specifications 

are given for individual equipment, all equipment will be supplied as a single operating unit. 

To supplement the information provided here, refer to the process and instrumentation diagrams 

(P&ID) provided (see Drawing Nos. 10 and 11 in Appendix A) . 

It should be noted that the subcontractor providing the services described in this section will 

submit design drawings and design calculations to EG&G-Rocky Flats, Inc. for approval prior 

to purchasing any equipment and/or materials and prior to initiating any construction activities. 

6.2 GENERAL SPECIFICATIONS e 
This subsection details the general specifications that apply to all of the mobile vapor extraction 

pilot unit equipment discussed in this section. The system and all equipment components will 

be designed, constructed, and installed to comply with all applicable Occupational Safety and 

Health Administration (OSHA) requirements as well as state or local building codes or electrical 

codes. 

6.2.1 Chemical Resistance 

The mobile vapor extraction pilot unit, by its purpose, will be designed to withstand chemical 

attack from the compounds expected to be encountered during operations. These compounds 

are expected to include carbon tetrachloride, PCE, TCE, chloroform, 1 , 1 , 1-trichloroethane, and 

other VOCs. Although these compounds are not expected in a pure form, it is remotely possible 

that percent levels (> 10,000 parts per millon [ppm]) could be encountered in the extracted 

vapors. All equipment on the mobile vapor extraction pilot unit will be resistant to chemical 

attack from the expected compounds at percent levels. a 
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6.2.2 Electrical Reauirements 

A portable power source, described in Section 5, will be used to supply power to all of the 

equipment associated with the mobile pilot unit. The power requirements for the equipment 

specified in this section will have an impact on the power supply to be used. Therefore, the 

power requirements of all the equipment from the mobile vapor extraction pilot unit will be 

supplied to EG&G-Rocky Flats, Inc. by the subcontractor supplying the mobile vapor extraction 

pilot unit. Included for each piece of equipment will be: 

e Voltage 

e Amperage 

e Phase (e.g., 1 or 3 phase) 

e Special requirements - This would include any other information that may 
effect the requirements of the power source. 

All electrical components and wiring will be suitable for use in a NEC Class I, Division I1 

environment. 

6.2.3 Noise Levels 

Noise level specifications are not presented for individual components of the mobile vapor 

extraction pilot unit, rather, a specification for the unit as a whole will be followed. The unit 

is expected to be operated in relatively remote locations, without nearby residences. However, 

the unit will be operated such that the unit will comply with all applicable OSHA requirements 

(29 CFR 1910.95) for noise levels (i.e., maintain employee noise exposures at or below an 8- 

hour time-weighted average sound level of 85 decibels at a distance of 3 feet from the mobile 

0 vapor extraction pilot unit). 
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6.2.4 Ambient ODerating Conditions 

The mobile vapor extraction pilot unit is expected to be utilized for several pilot tests at the 

RFP. To ensure proper operation year-round, all equipment will be properly fitted to withstand 

all environmental conditions that could be reasonably expected in the Denver, Colorado area. 

This includes the expected low temperatures during the winter months (< 0 O F )  and the high 

temperatures during the summer months (> 100 OF). Winds in excess of 100 mph can be 

expected at the site. All equipment shall be rated for operation at 6,000 feet above mean sea 

level (MSL). 

6.2.5 Deviations from Performance SDecifications 

If there is a deviation from the performance specifications, the subcontractor supplying the 

mobile vapor extraction pilot unit will submit the following information to EG&G-Rocky Flats, 

Inc. for approval. 

a Nature of deviation 
a Reason for deviation 
a Impact of deviation on system performance 

6.2.6 Desim Information 

Design information for the mobile vapor extraction pilot unit will be submitted by the 

subcontractor to EG&G-Rocky Flats, Inc. for approval. The design submittals will include: 

a Manufacturer’s shop drawings for each major process component, including 
equipment specifications and materials of construction. 

Detailed record drawings of the mobile vapor extraction pilot unit after 
construction is completed. 

a Design calculations. 
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e Operating and maintenance manuals for major components and equipment. 

e Operating and maintenance manual for the full system. 

Documentation of the mobile vapor extraction pilot unit system operations (SO) testing will 

accompany the design package. This documentation will detail the SO testing procedures 

utilized as well as the results of the SO testing. Manufacturer-specified SO testing procedures 

will be followed when available. Any deviations from required performance specifications will 

be noted. Refer to Subsection 6.2.5 for more information regarding deviations. 

It should be noted that SO testing will be performed by the subcontractor supplying the mobile 

vapor extraction pilot unit while an EG&G-Rocky Flats, Inc. representative is present. 

6.3 BLOWER PERFORMANCE SPECIFICATIONS 

6.3.1 Introduction 

As shown on Drawing No. 11, the mobile vapor extraction pilot unit will utilize two blowers 

(B-1 & B-2) to provide the necessary pressure differential during operations. A dual-blower 

configuration was specified for the following reasons: 

e The vapor treatment system is operated under negative pressure. This reduces 
the chance of a release of untreated vapors. The blowers will be sized such that 
a vacuum across the blowers is maintained at all operating vent pressures. 

e Higher carbon capacity can be expected. This is due to the decrease in relative 
humidity of the air due to the heat input from blower B-1. 

e Power requirements are reduced. Because neither blower operates at the high end 
of the negative pressure range (15 to 17 inches Hg), they can operate more 
efficiently. 
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0 A heat exchanger is not required. If the vapor treatment system is downstream 
of the blower (configuration presented in the Subsurface IM/IRA Plan), a heat 
exchanger and the associated water cooling system is required to reduce the 
airstream temperature to acceptable levels for GAC treatment. 

The following subsections present the performance specifications for each blower. 

6.3.2 Blower B-1 

The performance specifications for Blower B-1 shall be the following: 

0 Type - Positive Displacement, Gas-Tight 

- 600 actual ft3/min (acfm) @ 25 0 Inlet flow rate 
inches Hg absolute (abs). 

0 Pressure - 25 inches Hg abs. 

0 Max. Blower Speed - 80% of maximum revolutions per 
minute (RPM) 

0 Temperature Rise 
Across Blower - 30-50 O F  

a Interval Between 
Oil Changes - 750 hrs. (minimum) 

0 Power Requirements: 

- Horsepower - 10 brake horsepower (BHP) 

- - Voltage 220/440 volts (V), 3 phase, 60 hertz 
(Hz) 

0 Inlet/Outlet Connections - 4-inch (minimum) 

0 Motor Type - Explosion Proof 
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0 Motor Starter Type - Combination starter (i . e. , includes 
circuit breaker) 

0 Drive Mechanism - Belt 

0 Accessories: 

- Vacuum Relief Valve 

- High Temperature Shutdown Switch (setpoint as specified by the blower 
manufacturer, see Drawing No. 11) 

- Inlet/Discharge Silencers (see Subsection 6.2.3) 

- Control panel-mounted operational time controller (capable of automatic, 
timed operation) and 3 position hand/off/automatic power switch 

- Control panel-mounted run-time monitor (used for maintenance 
scheduling) 

e All electrical components will comply with operation in a National Electrical 
Code (NEC) Class I, Division I1 location (i.e., approved for work in an area in 
which explosive conditions exist frequently or in routine operations resulting from 
potentially flammable gases or vapors in the air). 

Any deviations from the above specifications will be noted. Refer to Subsection 6.2.5 for more 

information regarding deviations from performance specifications. In addition to the above, the 

following information will be provided to EG&G-Rocky Flats, Inc. by the subcontractor 

supplying the mobile vapor extraction pilot unit at the time of equipment selection and prior to 

equipment purchase: 

e Manufacturer 
0 Model number 
0 Blower performance curve 
e Dimensions and weight 
0 Noise level (without muffler) 

Materials of construction 
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6.3.3 Blower B-2 

The performance specifications for Blower B-2 shall be the following: 

e Type - Positive Displacement, Gas-Tight 

e Inlet flow rate - 500 acfm @ 18 inches Hg abs.' 

e Pressure - 18 inches Hg abs. 

e Max. Blower Speed - 80% of maximum RPM 

e Max. Temperature Rise 
Across Blower - 150 O F  

e Interval Between 
Oil Changes - 750 hrs. (minimum) 

0 Power Requirements: 

- Horsepower - 20 BHP 

- Voltage - 220/440V, 3 phase, 60 Hz 

e Inlet/Outlet Connections - 4-inch (minimum) 

e Motor Type - Explosion Proof 

e Motor Starter Type - Combination Starter 

e Drive Mechanism - Belt 

e Accessories: 

- Vacuum Relief Valve 

' This flow rate will be dependent on the pressure drop of the GAC units utilized and the operating 
temperature. The flow rate will be matched with blower 6-1 to ensure that the GAC units are always 
operating at negative pressure. 
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- High Temperature Shutdown Switch (setpoint as specified by the blower 
manufacturer, see Drawing No. 11) 

- InletIDischarge Silencers (see Subsection 6.2.3) 

- Control panel-mounted operational time controller (capable of automatic, 
timed operation) and 3 position hand/off/automatic power switch 

- Control panel-mounted run-time monitor (used for maintenance 
scheduling) 

8 All electrical components will comply with operation in a NEC Class I, Division 
I1 environment 

Any deviations from the above specifications will be noted. Refer to Subsection 6.2.5 for more 

information regarding deviations from performance specifications. In addition to the above, the 

following information will be provided to EG&G-Rocky Flats, Inc. by the subcontractor 

supplying the mobile vapor extraction pilot unit at the time of equipment selection and prior to 

equipment purchase: 

8 Manufacturer 
8 Model number 
8 Blower performance curve 
8 Dimensions and weight 
8 Noise level (without muffler) 
8 Materials of construction 

6.3.4 Blower B-3 

The performance specifications for Blower B-3 (air injection blower) shall be the following: 

8 Outlet flow rate 

Regenerative or Positive 
Displacement 

200 acfm @ 5 psi pressure 
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Maximum Operating - 5 psi 
Pressure 

Max. Blower Speed - 80% of maximum RPM 

Temperature Rise 
Across Blower - 30-70 O F  

Interval Between 
Oil Changes - 750 hrs. (minimum) 

Power Requirements: 

- Horsepower - 7.5 BHP 

- Voltage - 220/440V, 3 phase, 60 Hz 

Inlet/Outlet Connections - 4-inch (minimum) 

Motor Type - Explosion Proof 

Motor Starter Type - Combination Starter 

Drive Mechanism - Belt 

Accessories : 

- Pressure Relief Valve 

- High Temperature Shutdown Switch (setpoint as specified by the blower 
manufacturer, see Drawing No. 11) 

- Inlet/Discharge Silencers (see Subsection 6.2.3) 

- Control panel-mounted operational time controller (capable of automatic , 
timed operation) and 3 position hand/off/automatic power switch 

- Control panel-mounted run-time monitor (used for maintenance 
scheduling) 

All electrical components will comply with operation in a NEC Class I, Division 
I1 environment 
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Any deviations from the above specifications will be noted. Refer to Subsection 6.2.5 for more 

information regarding deviations from performance specifications. In addition to the above, the 

following information will be provided to EG&G-Rocky Flats, Inc. by the subcontractor 

supplying the mobile vapor extraction pilot unit at the time of equipment selection and prior to 

equipment purchase: 

a Manufacturer 
a Model number 
e Blower performance curve 
a Dimensions and weight 
e Noise level (without muffler) 
e Materials of construction 

6.4 KNOCKOUT DRUM/DEMISTER 0 
6.4.1 General 

As shown in Drawing No. 11, extracted vapor is first passed through a knockout drum/demister 

to remove entrained condensate that may be present. The demister is packed with a mesh that 

provides a large surface area so that entrained liquid will coalesce into droplets that gravity 

separate from the vapor. Water is accumulated in the knockout drum/demister until a certain 

high liquid level setpoint is reached, Then the water is automatically pumped (Pump P-1) from 

the drum to the ground-water storage tank until the water level falls to the designated low liquid 

level setpoint, at which point pump P-1 is shut off. A high-high-liquid level alarm will also be 

included (see Subsection 6.8.2). 

It is anticipated that the liquid(s) collecting in the demister will be inspected for the presence of 

DNAPL using an electronic interface probe or equivalent method. If DNAPL is detected, the 

demister will be retrofitted with a phase separator. 
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6.4.2 Design SDecifications 

The knockout drum/demister will meet the following performance specifications: 

0 Maximum air flow rate - 650 scfm 

0 Minimum capacity - 100 gallons 

0 Minimum removal efficiency - 99 % 

0 Operating Vacuum 

0 Applicable Codes 

- 15 inches Hg 

- ASME Boiler and Pressure Vessel 
Code, Section VIII, Division I 

0 Max. pressure drop - 8 inches H,O 

0 Pump P-1: 

- Type - Positive Displacement 

- - Maximum pump rate 5 a m  

- Controlling mechanism - Automatic; batch discharge of 
accumulated water 

- Run-time monitor - Control panel-mounted (used for 
maintenance scheduling) 

It should be noted that pump P-1 must be sized to overcome the hydraulic head resulting from 

the knockout drum discharge line junction with the ground-water extraction line. 

In addition to the above, the following information will be provided for the knockout 

drum/demister and for the pump to EG&G-Rocky Flats, Inc. by the subcontractor supplying the 

mobile vapor extraction pilot unit at the time of equipment selection and prior to equipment 0 purchase: 

0 Identification of all components 
0 Construction material 
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e Dimensions 
e 

e 
Location and depth of level switches 
Sizes of piping and valves 

6.5 HIGH EFFICIENCY PARTICULATE AIR (HEPA) FILTERS 

The vapor exiting the demister is filtered by a HEPA filtration unit. HEPA filters contain fabric 

filtration media that is capable of removing particulates as small as 0.3 microns. HEPA 

filtration prevents fouling of downstream process equipment and ensures operation within 

particulate emission standards. As shown in Drawing No. 11, two HEPA filters are in a parallel 

configuration. The parallel configuration allows filters to be changed without shutting down the 

system. In addition, if the pressure drop becomes significant due to higher than expected levels 

of particulates, both filters can be operated to reduce the pressure drop. 

The performance of the HEPA filters must meet Federal Standard 209b for removing 

particulates. This standard specifies that particles as small as 0.3 microns will be removed at 

an efficiency of 99.7% or greater. The pressure drop (clean) will not exceed 10 inches H,O (at 

300 scfm). 

6.6 VAPOR TREATMENT SYSTEM 

As shown on Drawing No. 11 , the vapor treatment system for the mobile vapor extraction pilot 

unit will consist of two, vapor-phase GAC units connected in a series configuration. The 

following performance specifications will be met for each GAC unit: 

e GAC unit capacity - 1 , 800 pounds (minimum) 

e Contaminant removal efficiency - 99% of PCE, TCE, and CCl, 

e Operating vacuum - 12 inches Hg 
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0 Applicable Codes - ASME Boiler and Pressure 
Vessel Code, Section VIII, 
Division I. 

0 Connections - 4-inch (minimum) 

0 Construction materials - Compatible with VOCs in air 
stream and weather resistant. 

The GAC units will allow for easy placement on the system trailer by a fork lift. The daily 

carbon consumption rate will depend on the volumetric air flow rate and VOC concentrations 

encountered during pilot system sustained operations. Initial estimates of GAC usage indicate 

that if the VOC concentration for each contaminant is 10 parts per million volume/volume 

(ppmv), 30 pounds of GAC will be used per day. At that rate, one GAC unit would need to be 

replaced every 60 days. Although the carbon efficiency increases as the inlet VOC 

concentrations increase, a conservative estimation indicates that if the inlet VOC concentration 

of each contaminant is 100 ppmv, one carbon unit would need to be replaced every 6 days (300 

pounds of GAC would be used each day). During the initial stages of the pilot study, 

hydrocarbon analysis of the extracted vapor stream will yield a better indication of the actual 

GAC consumption rate. 

@ 

Following vapor-phase GAC treatment, the vapor stream will pass through blower B-2 and be 

vented to the atmosphere through an emission stack. The stack will be designed to withstand 

wind and weather loads and must also be designed for easy transportation from test site to test 

site. The performance specifications for the stack are as follows: 

0 Orientation - Vertical 

0 Height - 10 ft. above top of trailer 

0 Operating temperature - 250-300 O F  

0 Diameter - 6-inch (maximum) 

0 Wind Loading - 100 mph (minimum) 
0 Materials of Construction - Weather resistant 
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6.7 EOUIPMENT TRAILER 

The equipment trailer selected to house the vapor extraction pilot unit will be designed for use 

on public roads. It will conform to all applicable Department of Transportation (DOT) 

requirements. The trailer will also be designed with any needed weather protection to withstand 

the climate extremes at the test site (i.e., temperature, wind). Trailer tie down points, which 

are capable of withstanding 100 miles per hour (mph) winds, must be provided. Trailer design 

will include garage-style doors which will allow for fork-lift access for carbon unit changeout. 

The trailer will be equipped with adequate ventilation, and will include climate controls (heating 

and/or cooling) to maintain temperatures within acceptable limits as required by the equipment 

specified in this section. To reduce vibrations, all blowers will be mounted on vibration- 

dampening pads. e 
In addition, the trailer is to include an insulated, climate controlled office area (minimum 8 feet 

in length by 8 feet in width) with a separate entrance way. 

6.8 MONITORING/INSTRUMENTATION 

Details of the monitoring equipment and the control loops are shown on Drawing No. 11. Most 

of the monitoring equipment will provide real-time, in-line measurement of system operating 

parameters. Other monitoring procedures, such as real-time hydrocarbon and radiation 

monitoring, are explained in more detail. As shown, the system will be equipped with various 

automatic shutdowns to terminate operations if equipment is operating outside of acceptable 

limits. In this event, a central alarm beacon, located on the top of the trailer, will activate, thus 

alerting operators outside of the trailer. In almost all cases, the control loops will cut power 

to the blowers (including the air injection blower), thus ceasing operations. Ground-water 

extraction will continue unless the level in the ground-water storage tank becomes too high (in 

which case the power will be cut to the knockout drum discharge pump [pump P-11). Any 
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subsequent liquid accumulation in the knockout drum will continue until the high liquid level 

alarm is triggered, at which point all system blowers will be automatically shutdown. 

The following subsections provide more detailed information concerning the monitoring devices, 

and the automatic control loops that will be part of the vapor extraction unit. In general, the 

instrumentation indicators for readout will be located at the control panel. All instrumentation 

devices will have sufficient weather proofing to withstand temperature extremes. All 

instrumentation devices must also have a visible, dated calibration sticker. 

6.8.1 Radiation Monitorinp Svstem Specifications 

The pilot unit will include the exhaust gas sampling system shown on Drawing No. 11. The 

purpose of the system is to provide field verification that radionuclide-contaminated particulates 

are not present in the exhaust gas discharged from the process. 

The sampling system will have the capability of continuously withdrawing a portion of the 

exhaust gas at a point downstream of blower B-2, and filtering it with a HEPA filter to remove 

any particulates that may be present. A pump will be used to meter the flow of exhaust gas 

from the stack to one of two sample tubes. Each of the sample tubes will contain a removable 

HEPA filter. As Drawing No. 10 indicates, the sample tubes will be configured in parallel with 

manual hand valves that allow the flow of gas to be directed to either of the sample tubes. The 

gas sampling system will include piping that returns the filtered gas sample to the exhaust stack 

and will be supplied with a differential pressure gauge to monitor the pressure drop across either 

HEPA filter. All sample piping connections will be sealed to prevent leakage under the pilot 

unit operating conditions. Process exhaust operating parameters are estimated as follows: 150 - 

250"F, 300 - 600 scfm, and 1 - 5 inches of water. 

a The sample tubes will be designed so that the HEPA filter may be easily removed from and re- 

inserted into the sample tube without disassembly of the tube. Sample tube design will include 
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a sufficiently adequate seal so that while in operation, there will be no leakage around the HEPA 

filter, Le., the entire gas sample will pass through the HEPA filter. 

In operation the HEPA filters will be removed from the sample tube and measured in the field 

for alpha radiation with a benchtop alpha detection unit. The alpha meter is part of the exhaust 

gas sampling and radiation measurement system, and will therefore be provided as part of the 

vapor extraction pilot unit. The alpha counting instrument will be microprocessor controlled, 

and have the capability to measure the total alpha activity of the following isotopes: plutonium- 

239, 240; americium-241; and uranium 234, 235, and 238. Detailed pilot test procedures for 

use of the exhaust gas sampling and radiation measurement system specified herein is presented 

in Subsection 7.4.6. 

Performance specifications for each of the primary elements of the exhaust gas sampling and 

alpha radiation measurement system are as follows: 

Piping: 

e Sample Metering Pump 

e HEPA filter pore size 

e Pressure gauge 

0 - 50 liters per minute 
Manually controlled, variable duty 

0.1 microns (nominal) 

0 - 5 inches water (differential) 

Alpha Detector and Signal Conditionsag Electronics: 
e Range - 0 - 500 disintegrations per minute (dpm). 

0 Digital display - 0 - 500 dpm. 

e Detection efficiency - 20 percent of alpha present (nominal). 
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6.8.2 Knockout Drum/Demister Condensate Level Indicators 

Entrained water from the extracted vapor stream will be collected in the knockout 

druddemister. The collected water will be pumped from the knockout drum to the ground- 

water holding tank. The knockout drum will be equipped with a level sensor and indicator for 

readout. When a designated high level is reached within the drum, the high liquid level sensor 

will activate the water pump. Similarly, when a designated low level is reached, the low liquid 

level sensor will automatically shut off the water pump. Additionally, when a designated high 

liquid level is reached within the drum, the high liquid level sensor will activate an operational 

warning alarm (indicating system shutdown due to high liquid level in the knockout drum), 

activate the mobile vapor extraction pilot unit alarm beacon, and automatically shut down the 

system blowers. The knockout drum water pump will continue to operate after triggering the 

high liquid level alarm. However, once the system blowers are shut down, the system will have 

to be manually restarted. 
e 

6.8.3 Volumetric Air Flow Rate 

The system volumetric air flow rate will be measured using automatic flow indicator gauges. 

There will be two such indicators as part of the system. One will be located on the dilution air 

line prior to the knockout drum, and one will be located prior to the venting of the air stream 

to the atmosphere. Also, flow totalizers will measure the cumulative air flow through the 

dilution air line, and exiting the stack. These totalizers will provide (by determining the flow 

balance) the volume of air extracted from the extraction vents. 

6.8.4 Svstem Pressure 

Pressure will be measured throughout the system by in-line pressure indicator gauges. There 

will be eight pressure indicators in the system, placed to monitor operating pressures and 

pressure drops throughout the system. The first will be located on the dilution air line prior to 

0 
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the knockout drum. The second will be located on the vapor extraction manifold inlet prior to 

the dilution air line. The third will be located after the knockout drum and prior to the HEPA 

filters. The fourth will be located after the HEPA filters and prior to the vacuum relief valve. 

The fifth will be located after blower B-1 and prior to the GAC-1 treatment unit. The sixth will 

be located after GAC-1 and prior to GAC-2. The seventh will be located after the GAC-2 

treatment unit and prior to the vacuum relief valve. The eighth will be located prior to venting 

the air stream to the atmosphere through the system stack. 

6.8.5 Extracted Air Stream TemDerature 

Temperature of the extracted air stream will be measured throughout the system by in-line 

temperature indicators. There will be four temperature indicator gauges in the system. The first 

will be located on the dilution air line prior to the knockout drum. The second will be located 

on the vapor extraction manifold inlet prior to the dilution air line. The third will be located 

after blower B-1 and prior to treatment unit GAC-1. The fourth will be located at the stack. 

In addition to these gauges, separate high temperature shutoff controls will be included on 

blowers B-1 and B-2, which upon activation will automatically shut down all system blowers 

(including the forced air injection blower), signal an operational warning alarm (indicating 

system shutdown due to high blower temperature at the respective blower), and activate the 

mobile vapor extraction pilot unit alarm beacon. Blower B-3 (the forced air injection blower) 

will also include a high temperature shutoff control, however, this control will only shut down 

blower B-3 while leaving blowers B-1 and B-2 in operation. In addition, the high temperature 

shutoff control for blower B-3 will signal an operational warning alarm (indicating system 

shutdown due to high blower temperature), and activate the mobile vapor extraction pilot unit 

alarm beacon if the temperature of the blower exceeds its setpoint. Blower shutdown setpoints 

will be established at temperatures specified by the blower manufacturers. Once the blowers are 

shut down, they must be manually restarted. a 
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6.8.6 Relative Humidity 

The system will measure relative humidity of the air stream using in-line relative humidity 

indicator gauges. There will be three relative humidity indicator gauges for the system. The 

first will be located on the dilution air line prior to the knockout drum. The second will be 

located on the vapor extraction manifold prior to the dilution air line. The third will be located 

after blower B-1 and prior to treatment unit GAC-1. The indicators located upstream of blower 

B-1 will facilitate accurate air flow rate measurements by correcting the flow rate measured to 

account for moisture content (i.e., calculation of dry cubic feet of air per minute). The third 

indicator will monitor the moisture entering the GAC units, and will allow the operators to 

optimize system operating conditions to maximize carbon efficiency (Le., minimize moisture 

content entering the carbon treatment units). e 
6.8.7 Hvdrocarbon Sampling: Ports 

There will be three sample ports on the trailer system to allow for manually taking grab air 

samples from the air flow for hydrocarbon analysis. One port will be located between blower 

B-1 and treatment unit GAC-1. A second port will be located between units GAC-1 and GAC-2. 

The third port will be located between unit GAC-2 and the vacuum relief valve. The sampling 

ports, in conjunction with on-site analysis (discussed in Section 7), will provide near real-time 

(2- to 4-hour turnaround) measurement of hydrocarbon concentrations. 

6.9 CONTROL PANEL 

An instrument control panel will be installed in the office/laboratory portion of the trailer. The 

panel will display all pilot process variables, equipment operational status, equipment run-time 

monitors, and system alarms. This "centralized" display is intended to streamline process data 

collection during pilot and post-pilot operation. The control panel will also serve as the power 
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distribution center for the pilot unit. A single power feed from the generator will be split into 

several switched sources at the control panel. 

The subcontractor will submit control panel layout and wiring diagrams to EG&G. Purchase of 

control panel components and panel fabrication is contingent upon EG&G approval of the 

diagrams submitted. All process and control panel instrumentation and power wiring will 

conform to NEC and National Equipment Manufacturer's Association standards. 

6.9.1 Process Instrumentation 

Drawing No. 11 presents the specific process variables, operational signals, and system alarms 

that are to be indicated on the control panel. The control panel will be installed in the 

office/laboratory portion of the process trailer such that the center of the instrument display is 

at approximately eye level to an operator in a standing position. 

Electrical process measurement signals are to be conditioned and displayed in engineering units 

by microprocessor-based digital indicators. All instrument signal and power wiring will be 

installed neatly in the process trailer and within the control panel. Termination boards will be 

installed in the control panel and used to connect all field wiring to the panel-mounted indicators. 

Switched, multi-channel indicators will be used to display %ke" variable measurements (e .g., 

temperatures). A selector switch will be mounted on the panel adjacent to each multi-channel 

indicator. Each multi-channel indicator used will have a minimum of three spare channels 

reserved for future use. It should be noted that run-time monitors and hand/off/automatic 

switches will also be mounted on the control panel for each groundwater extraction pump. 

Each process pressure signal will be transmitted to a dedicated panel-mounted gauge by tubing 

that is compatible with the process conditions at the point of measurement. All tubing will be 

installed neatly in the process trailer and within the control panel. @ 
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@ 

The subcontractor will assign tag names to each process parameter, operational signal, and 

system alarm. The tag names will conform to standard Instrumentation Society of America 

nomenclature. A name tag, legibly bearing the process signal tag name, will be securely affixed 

to the field sensors, termination points, and panel-mounted indicators. Spare channels of multi- 

channel indicators will be tagged "Spare. I' 

The panel area dedicated to process instrumentation display shall be sized to include 

approximately 30 percent "spare" space to accommodate future additions of panel-mounted 

instrumentation. 

6.9.2 Power 

@ As noted above, the electric power supply line from the generator will be split into several 

switched sources at the control panel. The sources will include at a minimum of five 110 VAC 
and two 220 VAC switched outlets. The panel will include a dedicated circuit breaker for each 

switched power supply and will be electrically grounded. Power conditioning equipment will 

be installed on the main feed to the panel. The panel will be configured such that the switched 

power outlets will be accessible from the front of the panel. Power cords will be used to 

provide power from the panel to the electrical components of the vapor and ground-water 

extraction systems. All power lines will be tagged with voltage and amperage specifications. 
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Section No. : 

_____ __ 
Project Manager Quality Assurance Program Manager 

SECTION 7 

PILOT TEST OPERATIONS 

7.1 INTRODUCTION 

This section presents the guidelines and procedures that will be followed during the pilot test 

operations. This section is intended to give a general overview of the procedures. It is possible 

that the identified procedures will be modified to better reflect field conditions encountered. In 

the event of a deviation from these procedures, proper documentation in the field logbook will 

be made to justify and explain the deviations. 
0 

The pilot test operations will be divided into the following four phases: system operations (SO) 

testing, pilot testing, sustained Operations, and IM/IRA operations. SO testing will ensure that 

the SVE system is operating as designed prior to conducting the pilot tests. The pilot tests will 

determine the range of operating conditions for various system configurations. This information 

will determine the optimal operating configuration yielding the maximum contaminant removal 

to be used during the sustained operations period. A total of nine pilot tests will be performed 

over a period of approximately four to six weeks. 

Following the pilot testing period, sustained operations may be conducted. The decision to 

conduct sustained operations will be based on the ability of the system to successfully remove 

VOCs from the subsurface. Preliminary guidance for determining success is a VOC recovery 

rate of at least 1 pound per 24 hours of actual operation (Le., 24-hour operating period). This 

guidance is completely arbitrary and may be modified as data are collected during pilot testing. 

The selection of 1 pound of VOCs per 24-hour operating period is discussed in Section 7.4. 

0 
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Sustained operations may continue beyond the minimum 6-week period until the pilot unit is 

required at another site, or until breakthrough of VOCs occurs in the lead GAC unit. In the 

latter case, the lead GAC unit will be replaced, and the pilot unit will remain on standby for use 

at the next pilot test site. Data collected during the sustained operations period will be evaluated 

to determine the benefit of returning to the East Trenches Area pilot test site for IM/IRA 

operation (final project phase). Criteria that will be used to evaluate the SVE data are discussed 

in Section 8 of this Test Plan. Final decisions regarding sustained and IM/IRA operations will 

be made by the EG&G Project Manager. 

7.2 SYSTEM OPERATIONS TESTING 

Following connection of the aboveground equipment, SO testing procedures will be initiated to 

verify the proper installation and operation of the system, to gather operating information, and 

to establish the optimal operating parameters for sustained operation of the system. All 

information gathered during the pilot operations will be maintained in the field logbook. 

e 

The first step of the SO testing will involve inspection of all components of the system. This 

inspection will include, but not be limited to, the following equipment: 

0 Piping - visually examine for cracks, loose connections, and possible leaks. 

0 Valves - verify proper operation. 

0 Blowers - follow manufacturer’s inspection procedures (i.e., check oil, belts, 
etc.). 

0 Knockdown Drum/Demister - follow manufacturer’s inspection procedures. 

a GAC Units - follow manufacturer’s inspection procedures. 

0 HEPA Filters - inspect filters for debris or blockage. 

0 Alarms/Automatic Shutdowns - check for proper operation at design settings, 
follow manufacturer’s inspection procedures. 
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0 Monitoring Equipment/Instrumentation - follow manufacturer's inspection and 
calibration procedures. 

An SO test checklist will be prepared by the subcontractor performing the pilot test operations. 

The checklist will be supplied to EG&G-Rocky Flats, Inc. for approval prior to SO testing. The 

approved checklist will be completed during conduct of the SO test, and submitted to EG&G- 

Rocky Flats, Inc. As previously mentioned, an EG&G representative must be present during 

the SO test. The operations subcontractor will also provide all equipment/instrumentation 

calibration records to EG&G-Rocky Flats, Inc. along with the completed SO checklist. In 

addition, the subcontractor will provide supplemental sections to the mobile vapor extraction 

pilot unit operations and maintenance manual to detail the operations (gas sampling, etc.) not 

covered by the manual. Prior to use of the equipment during pilot testing, an Operational 

Readiness Review (ORR) will be prepared by EG&G. a 
Upon completion of the initial inspection, the blowers will be "bumped" to verify the proper air 

flow direction. Bumping a blower involves turning the blower on briefly, with only dilution air 

supplied @e., the dilution air valve is fully opened, while all system vents remain closed), and 

checking the air flow direction. 

7.3 PILOT TEST RUN OVERVIEWS 

Once the system has passed the inspection, pilot tests will be performed. These tests will be of 

relatively short duration and will be designed to determine the range of operating conditions that 

can be achieved by various system configurations, and the optimal operating conditions for 

sustained operations of the SVE system. In addition, the pilot tests will be used to estimate the 

capacity and changeout requirements of the activated carbon units. The time required to conduct 

the pilot tests is expected to be approximately 4 to 6 weeks. The project schedule (see 

Section 9) provides for a duration of 3 months as a contingency for "setbacks. 'I 0 
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The following subsections outline the pilot tests to be performed following system SO testing. 

There will be a total of nine pilot tests, and each test will include one to three discrete runs. 

The nine pilot tests are listed below: 

a Pilot Test No. 1 - Initial Vapor Treatment System Performance. 

0 Pilot Test No. 2 - Alluvium System Performance. 

0 Pilot Test No. 3 - Sandstone System Performance. 

0 Pilot Test No. 4 - Concurrent Ground-Water Extraction and Sandstone System 
Performance. 

0 

0 

Pilot Test No. 5 - 

Pilot Test No. 6 - 

Concurrent Alluvium and Sandstone System Performance. 

Alluvium Passive Air Inlet Performance. 

0 Pilot Test No. 7 - Sandstone Passive Air Inlet Performance. 

0 Pilot Test No. 8 - Alluvium Forced Air Inlet Performance. 

0 Pilot Test No. 9 - Sandstone Forced Air Inlet Performance. 

The various system configurations and minimum operating times to be employed for the pilot 

tests are summarized in Table 7-1. Actual running times will be based on the time required to 

achieve steady state vacuum pressure distribution in the subsurface as defined for each pilot test 

in Sections 7.3.2 through 7.3.9. The pilot tests will be run until the steady state condition is 

achieved. If this condition is established before the minimum operating time has expired, the 

test will be continued for the minimum operating time. 

The measurements made during these tests will be used to evaluate air permeability of individual 

strata and to estimate the time required to reach steady state operation in each stratum. The type 

and schedule for measurements is presented in Table 7-2. It should be noted that the schedule 

of measurements is aggressive, and may require adjustment in the field based on available 

manpower. 

@ 
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e 

Pilot 
Test No. 

1 

2 

3 

4 

5 

6-7' 

8-9" 

Evaluate performance of vapor 
treatment system to ensure that no 
VOC breakthrough occurs; pressure 
check system; check instrumentation. 

Evaluate alluvium system 
perfOrmenCe. 

Evaluate sandstone system 
performance w/o groundwater 
extraction. 

Evaluate sandstone system 
performance with groundwater 
extraction 

Evaluate interaction between alluvium 
and sandstone systems. 

Evaluate passive air inlet. 

Evaluate air injection 

Confinuration 

AV1 open; SV1 vent 
closed; supply ambient air 
as necesslvy 

AV1 open; SVl vent 
closed; supply ambient air 
as necessary. 

AV1 closed; SVl open; 
supply ambient air as 

necessary- 

AV1 closed; SV1 open; 
supply ambient air as 
necessary. 

AV1 open; SV1 open; 
supply ambient air as 
necessary; groundwater 
extraction based on results 
of Test 4. 

Use configurations from 
Tests 2, and 3 or 4; 
opening the passive air 
inlets. 

Use configurations from 
Tests 2, and 3 or 4;  supply 
air injection. 

' Pilot Tea Nor. 6-9 will be configured based on the information gathered during previous tea. 

4 hr. 

48 hr. 

48 hr. 

16 hr. 

16 hr. 

16 hr. 
each 

16 hr. 
each 

Text 
Reference 

7.3.1 

7.3.2 

7.3.3 

____ 

7.3.4 

7.3.5 

7.3.6-7 

7.3.8-9 

1) TABLE 7-1 Overview of Pilot Tests 
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7.3.1 Pilot Test No. 1 - Initial Vapor Treatment Svstem Performance 

Description - Pilot Test No. 1 will evaluate the initial performance of the vapor treatment 

system following startup to ensure that contaminants are not discharged to the atmosphere and 

that safe operating conditions exist. In addition, Pilot Test No. 1 will provide a pressure check 

for the system under operating conditions and will verify proper operation of all vapor extraction 

unit equipment and instrumentation. Measurements to be taken during Pilot Test No. 1 are 

outlined in Table 7-2. Should initial stack OVA measurements read 10 relative response units 

above background, an air sample from the system stack will be immediately taken for laboratory 

analysis. A field gas chromatograph (GC) will be used to perform the analysis, thus providing 

real-time (2- to 4-hour turnaround) VOC measurement capability. The air sampling procedures 

to be followed are further discussed in Subsection 7.5.6. Further pilot tests will be suspended 

pending GC analysis of the air sample and subsequent system reevaluation. If the vapor 

treatment system performance is determined to be adequate, subsequent pilot tests will be 

performed. 

0 

Configuration - For Pilot Test No. 1, the alluvial extraction vent (AV1) will be fully opened 

and the sandstone extraction vent (SV1) will be closed. Pilot Test No. 1 will be performed at 

an AV1 vent operating pressure of 100 inches of water, as measured at AV1 itself. Dilution air 

will be supplied to the system blowers as necessary. Pilot Test No. 1 will be approximately 4 

hours in duration. 

7.3.2 Pilot Test No. 2 - Alluvium System Performance 

Description - Pilot Test No. 2 will evaluate the performance of the alluvium vapor extraction 

vent (AV1) and will estimate the alluvium’s air permeability. Pilot Test No. 2 results will be 

used to establish the following: 0 
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NOTES: 
(1)- The pilot testing schedule may require adjustment in the field based on available 

(2) - Sampling of exhaust gas for subsequent alpha radiation measurement is 
manpower resources. 

continuous. The "Rad" measurement frequency interval indicated corresponds to 
benchtop measurement of the sample filter media for alpha activity. 

(3) - GC samples will be collected and analyzed over the 4-hour period 
. (i.e., not simultaneously). 
P - Pressure 
Q - Flow rate 
T - Temperature 
RH - Relative humidity (moisture content) 
Rad - Radiation 

HC - Hydrocarbon sample (GC measurement) 
OVA - Field organic vapor analyzer 

2) TABLE 7-2 Test No. 1 Schedule of Measurements 
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8 AV1 air flow rates at varying operating pressures. 

8 Contaminant removal rates at AV1 with varying operating pressures. 

8 Radius of influences of AV1 at varying operating pressures. 

8 Maximum radius of influence of AV1. 

8 

8 

Air permeability of the alluvium. 

Time required to reach steady-state in the alluvium. 

Pilot Test No. 2 will consist of three separate runs, with each discrete run being performed at 

a different vent operating pressure. An identical series of measurements will be taken during 

each run of Pilot Test No. 2 as outlined in Table 7-3. Optimal AV1 operating configuration will 

be determined as the operating pressure resulting in the maximum contaminant removal rate. 

Configuration - For all three runs of Pilot Test No. 2, AV1 will be opened and SV1 will be 

closed. Dilution air will be supplied to the system blowers as necessary. Individual runs of 

Pilot Test No. 2 will be conducted until steady-state operation is achieved (minimum of 16 hours 

in duration). Steady-state operation will be defined as being attained when the last three 

subsurface pressure measurements from PM probe APM3 (the PM probe farthest from AV1) are 

within 5 percent of each other. 

7.3.3 Pilot Test No. 3 - Sandstone Svstem Performance 

Description - Pilot Test No. 3 will evaluate the performance of the sandstone vapor extraction 

vent (SV1) without the benefit of ground-water extraction, and will estimate the vadose 

sandstone’s air permeability. However, should the ground-water table rise 30 inches or more 

within SV1 during system operations, ground-water extraction will be initiated and continued 

at a rate such that the depth to ground water within SV1 returns to and remains at its original 

level. If necessary, ground-water will be extracted concurrently from SV1 and the sandstone 

air injection vent (SI1). Pilot Test No. 3 results will be used to establish the following: 
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Stack X x i x  I x / x  I I 

Run No. 

The following pressures will be used during Pilot Test No. 2: 

AV1 Vent Pressure Duration 
(in. IUO) I (Hours) 

I 

2 I 100 1 16 
3 140 1 16 

Pilot Test Nos. 6 & 8 will consist of single 16 hour runs, during which AV1 will be operated at its 
optimal operating pressure as determined by the results of Pilot Test No. 2. 

NOTES: (1)- The pilot testing schedule may require adjustment in the field based on available 

(2) - Pressure will be measured at 1 to 10 minute intervals during Pilot Test No. 2 to 

(3) - Sampling of exhaust gas for subsequent alpha radiation measurement is 

manpower resources. 

determine air permeability. 

continuous. The "Rad" measurement frequency interval indicated corresponds to 
benchtop measurement of the sample filter media for alpha activity. 

(4) - GC samples will be collected and analyzed over each 4-hour period 
(Le., not simultaneously). 

P - Pressure 
Q - Flow rate 
T - Temperature 
RH - Relative humidity (moisture content) 
Rad - Radiation 

HC - Hydrocarbon sample (GC measurement) 
OVA - Field organic vapor analyzer 

3) TABLE 7-3 Test Nos. 2, 6 & 8 Schedule of Measurements 
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0 SV1 air flow rates at varying operating pressures. 

0 Contaminant removal rates at SV1 with varying operating pressures. 

0 

0 

Radius of influences of SV1 at varying operating pressures. 

Maximum radius of influence of SV1. 

0 

0 

Air permeability of the vadose sandstone. 

Time required to reach steady-state in the vadose sandstone. 

Pilot Test No. 3 will consist of three separate runs, with each individual run being performed 

at a different vent operating pressure. An identical series of measurements will be taken during 

each run of Pilot Test No. 3 as outlined in Table 7-4. The optimal operating configuration will 

be determined as the vent pressure resulting in the maximum contaminant removal rate. 

Configuration - For all three runs of Pilot Test No. 3, SV1 will be opened and AVl will be 

closed. Ground-water will not be extracted during Pilot No. 3, unless the ground-water table 

rises 30 inches or more within SV1 during system operations. Dilution air will be supplied to 

the system blowers as necessary. Individual runs of Pilot Test No. 3 will be conducted until 

steady-state operation is achieved (minimum of 16 hours in duration). Steady-state operation 

will be defined as being attained when the last three subsurface pressure measurements from PM 

probe SPM2 (the PM probe farthest from SV1) are within 5 percent of each other. 

7.3.4 Pilot Test No. 4 - Concurrent Ground-Water Extraction and Sandstone System 
Performance 

Description - Pilot Test No. 4 will evaluate the performance of the sandstone vapor extraction 

vent (SV1) with the benefit of ground-water extraction, and will evaluate the contaminant 

removal contribution from the dewatered sandstone. Ground water extraction will be initiated 

concurrently in SV1 and SI1 prior to system start-up at a rate of 2.0 gallons per minute (gpm) 
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I I 

SPMl(2) 
SPM2(2) 

I I I I I , I 
I Location I I 

X I  
X 

SIl(2) 
Dilution Air Line 
Vapor Manifold 
B-1 Out 

X X 
X X X X 
X X X 
X X X X X 

GAC-1 Out 
GAC-2 Out 

X 1 x l x  
X X I X  

The following pressures will be used during Pilot Tests Nos. 3 & 4: 

Stack X X I X  X I X  

Run No. 

1 3 I 180 1 16 I 

SV1 Vent Pressure Duration 
(in. H20) j mom) 

I 

Pilot Tests Nos. 7 & 9 will consist of single 16 hour runs, during which SV1 will be operated at its 
optimal operating pressure as determined by the results of Pilot Test Nos. 3 & 4. 

2 1 4 0  

NOTES: (1)- The pilot testing schedule may require adjustment in the field based on available 

(2) - Pressure will be measured at 1 to 10 minute intervals during Pilot Test NO. 3 to 

(3) - Sampling of exhaust gas for subsequent alpha radiation measurement is 

manpower resources. 

determine air permeability. 

continuous. The "Rad" measurement frequency interval indicated corresponds to 
benchtop measurement of the sample filter media for alpha activity. 

(4) - GC samples will be collected and analyzed over each 4-hour period 
(i.e., not simultaneously). 

P - Pressure 
Q - Flow rate 
T - Temperature 

RH - Relative humidity (moisture content) 
GW - Groundwater level 
Rad - Radiation 

HC - Hydrocarbon sample (GC measurement) 
OVA - Field organic vapor analyzer 

4) TABLE 7-4 Tests Nos. 3, 4, 7,  & 9 Schedule of Measurements 
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from each well. Water levels in SV1, SI1 and PM probe SPMl will be measured on an hourly 

basis. It is important to note that the actual pumping rate will depend on the amount of water 

the formation can yield. It is expected that 2.0 gpm from each well will result in a drawdown 

of over 10 feet in the pumping wells. If after 24 hours the drawdown in the pumping wells is 

less than 10 feet, the pumping rate may be increased at the discretion of the EG&G project 

manager. 

Once the appropriate pumping rate is determined, the well will be pumped for 24 hours. If after 

24 hours the water level has not stabilized, pumping will continue until the water level stabilizes. 

Stabilization is defined as less than a 0.1 foot change in water level in SPMl (the PM probe 

nearest to SV1) over a 1-hour period. Once the water level has stabilized, the vacuum pumps 

will be turned on and ground water extraction will continue. e 
Pilot Test No. 4 will be performed in an analogous manner to Pilot Test No. 3. Specifically, 

Pilot Test No. 4 will consist of three separate runs performed at the same vent operating 

pressures as the three runs of Pilot Test No. 3 (see Table 7-4). The measurements to be taken 

during each run of Pilot Test No. 4 are identical to the measurements taken for the individual 

runs during Pilot Test No. 3 (see Table 7-4). Optimal SV1 operating configuration will be 

determined as the operating pressure resulting in the maximum contaminant removal rate. 

Ground-water extraction will be considered beneficial should it increase contaminant removal 

rates when compared with Pilot Test No. 3 results. 

Three ground-water samples for laboratory analysis will be collected during Pilot Test No. 4. 

The first sample will be collected after ground-water has been pumped for a 12-hour period. 

The second sample will be collected following attainment of steady-state ground-water level 

conditions within PM probe SPM1. The third sample of collected at the end of Pilot Test NO. 

4. VOC, metal, and radionuclide analytes for ground-water analysis are summarized in Table 

7-5, 7-6, and 7-7, respectively. 0 
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6. Acetone 
7. Carbon Disulfide 
8. 1 , l  -Dichloroethene 
9. 1 , l  -Dichloroethane 
10. 1,2-Dichloroethene (total) 

11. Chloroform 
12. 1,2-Dichloroethane 
13. 2-Butanone 
14. l,l,l-Trichloroethane 
15. Carbon Tetrachloride 

16. Vinyl Acetate 
17. Bromodichloromethane 
18. 1,1,2,2-Tetrachloroethane 
19. 1 ,2-Dichloropropane 
20. trans- 1,3-Dichloropropene 

Table 7-5 

67-64-1 10 
75- 15-0 5 
75-35-4 5 
75-34-3 5 1 
540-59-0 5 1 

67-66-3 5 1 
107-06-2 5 
78-93-3 10 
7 1-55-6 5 
56-23-5 5 

108-05-4 10 
75-27-4 5 
79-34-5 5 
78-87-5 5 
10061-02-6 5 

Target Compound List Volatile Organic Compounds 
and Aqueous Phase Quantitation Limits 

2 1. Trichloroethene 
22. Dibromochloromethane 
23. 1 , l  ,ZTrichloroethane 
24. Benzene 
25. cis-l,3-Dichloropropene 

26. Bromoform 
27. 2-Hexanone 

29. Tetrachloroethene 
30. Toluene 

3 1. Chlorobenzene 

28. 4-Methyl-2-pentanone 

32. Ethyl Benzene 
33. Styrene 
34. Total Xylenes 

I I I 

79-0 1-6 5 
124-48-1 5 
79-00-5 5 
71-43-2 5 
1006 1-01 -5 4 

75-25-2 5 
591-78-6 10 
108-10-1 10 
127-1 8-4 5 1 
108-88-3 5 

108-90-7 5 
100-41-4 5 
100-42-5 5 
1330-20-7 5 

Analyte 

Chloromethane 
Bromomethane 

Chloromethane 

- 

5. Methvlene Chloride 

CAS Number 

7 4 - 8 7 - 3 
75-83-9 
75-01 -4 
75-00-3 
75-09-2 

Aqueous Phase 
RQL (pg/QaVb 

10 
10 
10 
10 
5 

5 

a Micrograms per liter. 
EPA Contract Laboratory Program (CLP) Required Quantitation Limit (RQL) 
EPA Method 502.2 Practical Quantitation Limit (PQL) 

Clnnrrp. P.pnpnl RwlinrhPrnirtnr and Rmitinp Ansl,rtiril C l p n r i r ~ r  Prntnrnl I C R R  A 9 P \  Rpoicinn 1 1 F C A r L R n r h i  
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Table 7-6 

Metal Analytes and Aqueous Phase Detection Limits 

Analyte 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Celsium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Lithium 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Strontium 
Thallium 
Tin 
Vanadium 
Zinc 

Aqueous Phase Detection 
Limit ( f i d e a )  

200 
60 
10 

200 
5 
5 

5,000 
1,000 

10 
50 
25 

100 
5 

100 
5,000 

15 

100 
40 

5,000 
. 5  
10 

5,000 
200 

10 
200 
50 
20 

0.2 

a Micrograms per liter. 

Source: General Radiochemistry and Routine Analytical Services Protocol 
(GRRASP), Revision 1 . 1 ,  EG&G-Rocky Flats, Inc., September 
1990. 
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Table 7-7 

Radionuclides and Minimum Detectable Activities 

M 

Analyte 

Gross Alpha 
Gross Beta 
Strontium 89,90 
Plutonium 239,240 
Americium 24 1 
Tritium 
Total Uranium 233/234, 235, 238 

Water (pCi/ta) 

2 
4 
1 
0.01 
0.01 

0.6 
400 

)A 

4 
10 
1 
0.03 
0.02 

0.3 
400 

a Picocuries per liter. 
Picocuries per gram. 

Source: General Radiochemistry and Routine Analytical Services Protocol (GRRASP), Revision 
1 . 1 ,  EG&G-Rocky Flats, Inc., September 1990. 
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Configuration - For all three runs of Pilot Test No. 4, SV1 will be opened and AV1 will be 

closed. Ground-water will be extracted throughout the duration of Pilot Test No. 4 from both 

SV1 and SI1 at a rate such that the depth to ground-water within SV1 remains constant during 

vapor extraction system operation. Dilution air will be supplied to the system blowers as 

necessary. Individual runs of Pilot Test No. 4 will be conducted for a minimum of 16 hours 

following attainment of steady-state ground water levels. Criteria for termination of Pilot Test 

No. 4 based on attainment of steady-state pressure distribution conditions are discussed in 

Section 7.3.3. 

7.3.5 Pilot Test No. 5 - Concurrent Alluvium and Sandstone System Performance 

Description - Pilot Test No. 5 will evaluate the interaction between AV1 and SV1 when 

operated simultaneously and the resulting overall system performance. Pilot Test No. 5 will 

consist of a single run, during which AV1 will be operated at its optimal operating pressure (at 

the vent pressure resulting in greatest contaminant removal rate) as determined during Pilot Test 

No. 2. SV1 will also be operated at the optimal operating pressure as determined during Pilot 

Tests Nos. 3 and 4. Ground-water will be extracted from both SI1 and SV1 if it was determined 

to be either necessary during Pilot Test No. 3 or beneficial during Pilot Test No. 4. 

Measurements to be taken during Pilot Test No. 5 are outlined in Table 7-8. 

0 

Configuration - For Pilot Test No. 5, both AV1 and SV1 will be opened. Ground water may 

be extracted based on the results of Pilot Tests Nos. 3 and 4. Dilution air will be supplied to 

the system blowers as necessary. Pilot Test No. 5 will begin upon attainment of steady-state 

water level conditions (if applicable) as defined in Section 7.3.4. Pilot Test No. 5 will be 

conducted until steady-state pressure distribution conditions are achieved (minimum of 16 hours 

in duration) as defined in Sections 7.3.2 and 7.3.3. 

7.3.6 Pilot Test No. 6 - Alluvium Passive Air Inlet Performance 
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Section No. : 

NOTES: 
(1)- 

(3) - 

P -  
Q -  
T -  

RH- 
G W -  
Rad - 

OVA - 
HC - 

The pilot testing schedule may require adjustment in the field based on available 
manpower resources. 
Sampling o f  exhaust gas for subsequent alpha radiation measurement is 
continuous. The "Rad" measurement frequency interval indicated corresponds to 
benchtop measurement o f  the sample filter media for alpha activity. 
GC samples will be collected and analyzed over each 4-hour period 
(i.e., not simultaneously). 
Pressure 
Flow rate 
Temperature 
Relative humidity (moisture content) 
Groundwater level 
Radiation 
Field organic vapor analyzer 
Hydrocarbon sample (GC measurement) 

a 
8) TABLE 7-8 Test No. 5 - Schedule of Measurements 



ENVIRONMENTAL RESTORATION PROGRAM Manual: 2 1000-WP-OU2.07 0 Pilot Test Plan Soil Vapor Extraction Technology Section No. : 7.0, Rev.0 
Subsurface Interim MeasuredInterim Remedial Action Page: 18 of 28 
East Trenches Area (Operable Unit No. 2) Effective Date: 1/12/93 

Description - Pilot Test No. 6 will evaluate the use of the alluvium air injection vent (AI1) as 

a passive air inlet and its influence on alluvium system performance. Pilot Test No. 6 will 

consist of a single run, during which AV1 will be operated at its optimal operating pressure as 

determined during Pilot Test No. 2. Measurements to be taken during Pilot Test No. 6 are 

identical to the measurements collected for Pilot Test No. 2 (see Table 7-3). The use of AI1 

as a passive air inlet will be considered beneficial should it increase contaminant removal rates 

when compared with Pilot Test No. 2 results. If the use of AI1 as a passive air inlet is 

determined to be advantageous, other alluvial PM probes may be employed as passive air inlets 

during the sustained operations period. 

Configuration - For Pilot Test No, 6, AV1 will be opened and SV1 will be closed. AI1 will 

be opened to the atmosphere. Dilution air will be supplied to the system blowers as necessary. 

Pilot Test No. 6 will be run for a minimum of 16 hours. If steady-state pressure distribution 

conditions are not achieved after 16 hours, the test will continue until steady-state conditions, 

as defined in Section 7.3.2., are achieved. 

0 

7.3.7 Pilot Test No. 7 - Sandstone Passive Air Inlet Performance 

Description - Pilot Test No. 7 will evaluate the use of the sandstone air injection vent (SI1) 

as a passive air inlet and its influence on sandstone system performance. Pilot Test No. 7 will 

consist of a single run, during which SV1 will be operated at its optimal operating pressure as 

determined during Pilot Tests Nos. 3 and 4. Ground water will be extracted from SV1 and SI1 

if it was determined to be either necessary during Pilot Test No. 3 or beneficial during Pilot 

No. 4. Measurements to be taken during Pilot Test No. 7 are identical to the measurements 

collected for Pilot Test Nos. 3 and 4 (see Table 7-4). The use of SI1 as a passive air inlet will 

be considered beneficial should it increase contaminant removal rates when compared with Pilot 

Tests Nos. 3 and 4 results. If the use of SI1 as a passive air inlet is determined to be 

advantageous, other sandstone PM probes may be employed as passive air inlets during the 

sustained operations period. 

e 
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Configuration - For Pilot Test No. 7, SV1 will be opened and AV1 will be closed. SI1 will 

be opened to the atmosphere. Ground water will or will not be extracted based on the results 

of Pilot Tests Nos. 3 and 4. Dilution air will be supplied to the system blowers as necessary. 

Pilot Test No. 7 will be run for a minimum of 16 hours following attainment of steady-state 

ground water level conditions as defined in Section 7.3.4. If after 16 hours steady-state pressure 

distribution conditions have not been achieved, as defined in Section 7.3.2, the test will continue 

until steady-state conditions are established. 

7.3.8 Pilot Test No. 8 - Alluvium Forced Air Inlet Performance 

Description - Pilot Test No. 8 will evaluate the use of the alluvium air injection vent (AI1) as 

a forced air inlet and its influence on alluvium system performance. Pilot Test No. 8 will 

consist of a single run, during which AV1 will be operated at its optimal operating pressure as 

determined during Pilot Test No. 2. Measurements to be taken during Pilot Test No. 8 are 

identical to the measurements collected for Pilot Test No. 2 (see Table 7-3). The use of AI1 

as a forced air inlet will be considered beneficial should it increase contaminant removal rates 

when compared with Pilot Test No. 2 results. 

@ 

Configuration - For Pilot Test No. 8, AV1 will be opened, SV1 will be closed, and AI1 will 

be supplied a constant flow of air from blower B-3. The constant AI1 air flow rate will be 

equivalent to the maximum AI1 air injection rate (not to be greater than 50 percent of AVl’s 

extracted air rate) which maintains APM2’s subsurface pressure at or below atmospheric 

pressure. To determine AIl’s air flow rate, AI1 will be supplied air from blower B-3 at varying 

flow rates (in the range of 10 to 50 percent of AVl’s extracted air rate) upon commencing Pilot 

Test No. 8, but prior to initiating measurements. Subsurface pressure measurements will then 

be taken at APM2 to monitor that injected air is being withdrawn at AV1. If the subsurface 

pressure at APM2 is greater than atmospheric pressure, the air injection rate will be decreased 

until the subsurface pressure at APM2 is equal to or less than atmospheric pressure. Once a 

suitable AI1 air flow rate has been determined, Pilot Test No. 8 measurements will begin. 

@ 
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Dilution air will be supplied to the system blowers as necessary. Pilot Test No. 8 will be run 

until steady-state pressure distribution conditions are achieved (1 6 hour minimum duration) as 

defined in Section 7.3.2. 

7.3.9 Pilot Test No. 9 - Sandstone Forced Air Inlet Performance 

Description - Pilot Test No. 9 will evaluate the use of the sandstone air injection vent (SI1) as 

a forced air inlet and its influence on sandstone system performance. Pilot Test No. 9 will 

consist of a single run, during which SV1 will be operated at its optimal operating pressure as 

determined during Pilot Tests Nos. 3 and 4. Ground-water will be extracted from SV1 and SI1 

if it was determined to be either necessary during Pilot Test No. 3 or beneficial during Pilot Test 

No. 4. Measurements to be taken during Pilot Test No. 9 are identical to the measurements 

collected for Pilot Tests No. 3 and 4 (see Table 7-4). The use of SI1 as a forced air inlet will 

be considered beneficial should it increase contaminant removal rates when compared with Pilot 

Tests No. 3 and 4 results. 

i. 

Configuration - For Pilot Test No. 9, SV1 will be opened, AV1 will be closed, and SI1 will 

be supplied a constant flow of air from blower B-3. The constant SI1 air flow rate will be 

equivalent to the maximum SI1 air injection rate (not to be greater than 50 percent of SVl’s 

extracted air rate) which maintains SPM2’s subsurface pressure at or below atmospheric 

pressure. To determine SIl’s air flow rate, SI1 will be supplied air from blower B-3 at varying 

flow rates (in the range of 10 to 50 percent of SVl’s extracted air rate) upon commencing Pilot 

Test No. 9, but prior to initiating measurements. Subsurface pressure measurements will then 

be taken at SPM2 to monitor that injected air is being withdrawn at SV1. If the subsurface 

pressure at SPM2 is greater than atmospheric pressure, the air injection rate will be decreased 

until the subsurface pressure at SPM2 is equal to or less than atmospheric pressure. Once a 

suitable SI1 air flow rate has been determined, Pilot Test No. 9 measurements will begin. 

Dilution air will be supplied to the system blowers as necessary. Pilot Test No. 9 will be begin 

once steady-state ground water level conditions have been achieved, as defined in Section 7.3.4. 

@ 
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Pilot Test No. 9 will be run until steady-state pressure distribution conditions have been 

established (16 hour minimum duration) as defined in Section 7.3.3. 

7.4 SUSTAINED OPERATIONS 

After completion of the system operation and pilot tests, sustained operations of the mobile vapor 

extraction pilot unit may be conducted for the next 6 weeks or until the pilot unit is required at 

the next test site. Sustained operations will be performed if the pilot tests indicate that VOCs 

are being recovered at a rate which equals or exceeds 1 pound of VOCs per 24-hour operating 

period. This criteria is completely arbitrary and may be modified based on pilot testing data. 

A recovery rate of 1 pound of VOCs per 24-hour operating period corresponds to approximately 

10 ppmv of VOCs (total) in a 300 scfm SVE process stream (see Appendix E). An initial VOC 

concentration of 10 ppmv is sufficient to observe contaminant concentration decreases with time, 

and to evaluate the cost-effectiveness of the SVE pilot unit. Final decisions regarding sustained 

operation will be made by the DOE in consultation with EPA and the Colorado Department of 

Health. 

@ 

During the sustained operations period, the system will operate continuously. The system will 

be configured to match the optimal conditions for both the alluvium and sandstone vents (both 

vents will operate during sustained Operations) as determined during the pilot tests. The 

information gathered during the sustained operations period will be used to support the 

evaluation of the technology in the FS and to assess the benefit of IM/IRA operation. Of 

particular importance will be the contaminant removal rate versus time, and the radius of 

influence of the vents. These critical parameters may provide valuable cost and long-term 

performance information. 

The data to be collected during the sustained operations is presented in Table 7-9. 

collection of this data will utilize the same methods as identified for the pilot tests. 

The 
@ 



ENVIRONMENTAL RESTORATION PROGRAM Manual: 2 1OOO-WP-OU2.07 
Pilot Test Plan Soil Vapor Extraction Technology Section No. : 7.0, Rev.0 
Subsurface Interim Measures/Interim Remedial Action Page: 22 of 28 
East Trenches Area (Operable Unit No. 2) Effective Date: 1 / 12/93 

NOTES: 
(1)- The pilot testing schedule may require adjustment in the field based on available 

(2) - Sampling of exhaust gas for subsequent alpha radiation measurement is 
manpower resources. 

continuous. The "Rad" measurement frequency interval indicated corresponds to 
benchtop measurement of the sample filter media for alpha activity. 

P - Pressure 

T - Temperature 
Q - Flow rate 

RH - Relative humidity (moisture content) 
GW - Groundwater level 
Rad - Radiation 

HC - Hydrocarbon sample (GC measurement) 
OVA - Field organic vapor analyzer 

9) TABLE 7-9 Sustained Operations - Schedule of Measurements 
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7.5 DATA COLLECTION PROCEDURES 

This subsection provides the procedures that will be employed to monitor the operating 

conditions of the system at the sampling ports provided in the vapor manifold. In-line 

monitoring devices will be present in the vapor extraction unit. These procedures will be used 

for the pilot tests as well as the sustained operations. 

7.5.1 Static Pressure 

Static pressure will be monitored using EPA Source Test Method 2 (EPA, 1988). A magnehelic 

gauge will be used to measure the differential pressure across a flexible diaphragm. One side 

of the diaphragm is at atmospheric pressure, and the other side is at the system pressure. The 

static pressure is obtained by inserting the rigid probe end of the tubing into the sample port. 

The needle deflection on the gauge, due to the movement of the diaphragm, indicates the static 

pressure. Static pressure monitor will be installed upstream and downstream of the HEPA 

filters. When the differential pressure across a HEPA filter is 1-inch Hg greater than the 

differential pressure across a new filter (at approximately the same flow rate), the "spent" filter 

cartridge will be replaced. The mobile vapor extraction pilot unit is equipped with two HEPA 

filters configured in parallel to allow for cartridge replacement without interruption of system 

operation. 

0 

7.5.2 Flow Rate 

The flow rate will be measured in accordance with EPA Source Test Method 2 (EPA, 1988). 

The flow rate will be calculated from the velocity pressure. Specifically, the velocity pressure 

will be converted to the air velocity. This is multiplied by the cross-sectional area of the pipe 

to obtain the air flow rate. The velocity pressure (also known as the dynamic pressure) is the 

difference of the total pressure and the static pressure. 
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7.5.3 TemDerature and Moisture 

Temperature and moisture measurements will be obtained using EPA Source Test Methods 2 

and 4,  respectively. A temperature probe will be inserted in the air stream, and after the 

reading stabilizes the temperature will be recorded from the instrument display. Moisture 

determination involves extracting a known volume of vapor from the system, condensing out 

the moisture, and calculating the moisture content based on the mass balance. 

7.5.4 Subsurface Static Pressure 

The subsurface static pressure will be measured using the same equipment as for static pressure 

measurement, except that the metal probe is not employed. The flexible tubing will be attached 

to the cap of the PM probe, and the deflection of the needle on the magnehelic gauge will be 

recorded. 
@ 

7.5.5 Ground-Water Level 

The ground-water levels in the sandstone vapor extraction vent and in the sandstone air injection 

vent will be measured using a water level indicator. The water level is obtained by lowering 

the probe end and associated cable of the water level indicator into the vent through the 

designated port. When the water table is reached, a light is activated on the hand-held portion 

of the water level indicator. The depth to ground water can then be read from the indicator 

cable (readings are to be made at the sample port opening). 

7.5.6 Removed Orpanics Concentration 

The contaminant concentration measurement for the SVE system will be performed using a 

monitoring instrument such as an OVA or HNu and a combustible gas indicator, and by 

collecting air samples for on-site analysis. The monitoring instruments provide real time data 

a 
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and give results that are based on their associated calibration gas, Le., their readings are not 

compound-specific . 

The air samples for on-site analysis will be collected from ports on the system using EPA 

Standard Test Method 18. Method 18 allows for several sample collection methods including 

integrated bag sampling, direct interface sampling, dilution interface sampling, and adsorbent 

sampling. In all cases, a known quantity of air will be drawn into the collection bag or through 

the collection media, and the compounds of concern are captured. All methods except absorbent 

collection allow for direct injection into the GC. Method 18 describes the strengths and 

weaknesses of each collection method. A determination of the most appropriate method will be 

made during the system pilot tests, although integrated bag sampling or adsorbent sampling are 

expected to be the most appropriate. a 
All air samples from the SVE system will be analyzed for TCE, PCE, chloroform, and carbon 

tetrachloride. In addition, 10 percent of the samples will be analyzed for all VOCS. 

Contaminant concentrations and mass removal rates will be calculated from the analytical results. 

7.5.7 Radiation Measurement Operatiw Procedure 

This subsection describes the procedures that will be used to verify that the treated vapor stream 

discharged from the pilot unit is free of radionuclide-contaminated particulates. This procedure, 

based on the observational approach, uses data collected early in the pilot test to develop pilot 

unit operational guidance. 

At the start of the first pilot test, the exhaust gas metering pump will be adjusted to deliver a 

flow rate of 10 literdmin, and the valves will be manually set to direct this flow to one of the 

sample tubes. After 2 hours of operation, the pressure drop across the sample filter will be 

recorded in the field logbook. The sampling system valves will then be set to direct the gas flow 

to the alternate sample tube. The HEPA filter from the first tube will then be removed and 
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immediately scanned for alpha activity with the benchtop meter (see Subsection 6.7.1). If the 

alpha activity on the filter media exceeds four times the background level (alarm level), the pilot 

system will be shut down. The sample filter will continue to be scanned once every 30 minutes 

for a period of no longer than 8 hours. The alpha measurements obtained at 30-minute intervals 

will be recorded in the field logbook. If during the 8-hour period, the alpha radiation levels 

decrease to background levels (indicating that the source of the detected alpha radiation is 

natural, short-lived species, e.g., radon decay products), the vapor extraction unit will be 

restarted. If after 8 hours the alpha radiation levels do not decrease to background, the HEPA 

filter will be analyzed at an off-site laboratory for the presence of plutonium (Pu), americium 

(Am), and uranium (U). Decisions regarding continued pilot testing and/or pilot system 

modifications will be made by the EG&G Project Manager based on the species-specific 

analytical results. 

0 
The pilot system shutdown procedure will be executed for the first five times the alpha alarm 

level is detected on the HEPA filter media, If these five instances prove that the elevated levels 

of alpha activity was due to the presence of natural species, future exceedances of the alarm 

level will not be accompanied by a system shutdown. Rather, the pilot unit will be allowed to 

continue to operate while the filter media is scanned to verify a short-lived decay. If the 

expected decay is not observed within a 4-hour period, the shutdown procedure described above 

will be executed. 

In the likely event that a HEPA filter that has sampled the exhaust gas for 2 hours shows no 

elevated levels of alpha activity, the sample filter will be returned to the sample tube from which 

it was removed. After the alternate HEPA filter has sampled the exhaust gas for a 2-hour 

period, flow will be directed to the first sample tube, and the alternate filter will be scanned for 

alpha activity. This sampling and measurement sequence with the parallel tubes will be initially 

repeated every hour. After the pilot unit has established a radionuclide-free exhaust gas "track 

record," the measurement interval may be increase at the discretion of the EG&G Project @ 
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Manager. It is important to note that the parallel sample tube configuration allows continuous 

sampling of the exhaust gas. 

The pressure drop across the HEPA sample filters will be recorded daily in the field logbook. 

If during system operation the pressure drop across a HEPA sample filter increases 1 inch of 

water column above the pressure drop across the filter when it was originally placed into 

service, the filter will be replaced. The spent filter will be discarded per RFP standard waste 

management operating procedures. A sample filter, spent or otherwise, will be subjected to 

isotope-specific laboratory analysis only if field measurement indicates that non-shortlived 

radioactive species are present. 

The HEPA filters will be visually inspected on a daily basis to assess particulate loading and 

filter integrity (e.g., cracks, leaks, etc). Filters will be replaced as required. a 
7.5.8 Air Permeability Determination 

Air permeability tests (Pilot Test Nos. 2 and 3) will be conducted to determine the air 

permeability at different vent pressures, and therefore allow air flow modeling. The procedures 

utilized to conduct air permeability tests are described in "Guide to Conducting Treatability 

Studies under CERCLA: The 

subsurface pressure at the PM probes will be is monitored over time, holding the vent pressure 

constant. By plotting the PM probe pressure as a function of time, the permeability will be 

calculated based on the slope of the best-fit line. 

Soil Vapor Extraction; Interim Guidance" (EPA, 1991b). 

7.5.9 GAC CaDacitv Estimation 

The performance of the vapor-phase GAC units will be estimated based on the results obtained 

throughout the duration of all nine system pilot tests. System variables, such as relative 

humidity and temperature of the extracted vapor stream, will affect the performance of the GAC 
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units. Contaminant mass removal rates will determine the mass loading rate. GAC isotherms 

for the compounds extracted will be utilized to estimate the carbon unit lifetime. 

In addition to computing an estimate of GAC unit lifetime, GAC unit lifetime will also be 

determined by direct measurement. The contaminant concentration data obtained from sample 

ports SP-1, SP-2, and SP-3 (B-1 Out, GAC-1 Out, and GAC-2 Out, respectively) will be 

analyzed for VOC breakthrough. Breakthrough will be defined as the time when the VOC 

concentration exiting GAC-1 (GAC-1 Out) is 95 percent of the VOC concentration entering 

GAC-1 (B-1 Out) or when any VOCs are detected exiting GAC-2 (GAC-2 Out). From this 

information, the capacity of GAC-1 will be estimated (Le., the total amount of contaminant the 

unit has adsorbed). When breakthrough occurs, GAC-1 will be removed from the system and 

replaced by a new lead GAC unit. GAC-2 will be moved to become the lead GAC unit, 

however, if an estimated 50 percent of its capacity has been used at the time of lead GAC unit 

replacement. The new GAC unit will then be installed as the polishing GAC unit. This will 

ensure that the polishing GAC unit always maintains a minimum of 50 percent of unused 

adsorption capacity. 

0 
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SECTION 8 

DATA EVALUATION AND REPORTING 

8.1 PRESENTATION OF DATA 

Field data will be reported in a concise manner during the Pilot Test and Sustained Operations 

Project Phases, thereby facilitating subsequent data interpretation. The following subsections 

provide guidance for the presentation and interpretation of the pilot test data. 

8.1.1 Pilot System Operations 

Data collected during system pilot tests will be recorded in the field logbook and/or data 

collection sheets. Such data will be checked and tabulated subsequent to completion of each 

pilot test. Individual data tables will be created for each series of measurements associated with 

a specific vent operating pressure (pilot test runs), and will include the following information 

(where applicable): 

Date, time, number, and run of pilot test. 

Duration of the test run. 

Extraction vent identification. 

Extraction vent operating pressure. 

Extraction vent air flow rates. 

Depth to ground water. 

Subsurface pressures measured at PM probes (location specified). 

Contaminant concentrations and composition of the extracted vapor stream. 
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0 Contaminant mass removal rate. 

0 Cumulative mass removal. 

The time of each measurement will also be incorporated into the data tables. All deviations 

from expected conditions (e.g . , inclement weather, ground-water table fluctuations, equipment 

operations) will be noted. 

Subsurface pressures, measured at PM probes, will be plotted as a function of distance from 

associated extraction vents. For Pilot Test Nos. 2 through 9, one such plot will be created for 

each operating vent pressure of the individual pilot test. These plots, through curve fitting, will 

provide measured radius of influence information. 

e For Pilot Test Nos. 2 and 3, radial subsurface pressures will be plotted versus the natural 

logarithm of time as described in "Guide for Conducting Treatability Studies Under CERCLA: 

Soil Vapor Extraction; Interim Guidance" (EPA, 1991b). Individual plots will be prepared for 

each vent operating pressure of each pilot test for a total of three plots to be generated per pilot 

test. Pilot Test No. 2 plots will include pressure data measured from APMl, APM2, APM3, 

and AI1. Pilot Test No. 3 plots will include pressure data measured from SPM1, SPM2, and 

SIl. 

8.1.2 Sustained ODerations 

Data collected during the sustained operations period will be recorded in the field logbook. Such 

data will be tabulated subsequent to completion of each week of sustained operations. Data 

tables will be created for each week of sustained operations, and will include the following 

information (where applicable) : 

0 

0 Extraction vent operating pressures. 

Date and time of measurement. 
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Extraction vent air flow rates. 

Depth to ground water. 

Subsurface pressures measured at PM probes (location specified). 

Ground-water extraction rates. 

Moisture content of the extracted vapor stream. 

Volume of water removed from the extracted vapor stream. 

Contaminant concentrations and composition of the extracted vapor stream. 

Contaminant mass removal rate. 

Cumulative mass removal. 

All deviations from expected conditions (e. g . , inclement weather, ground-water table 

fluctuations , equipment operations) will be noted. e 
Plots of individual vent operating pressures and flow rates versus time will be prepared at the 

end of the sustained operations period. Plots of subsurface pressures versus time and versus 

distance from associated extraction vents will also be prepared at the end of the sustained 

operations period. In addition, plots of individual and cumulative contaminant removal rates 

versus time will be prepared following each week of sustained operations. A summary of all 

weekly plots will be prepared following the sustained operations period. 

8.2 DATA INTERPRETATION AND ANALYSIS 

The data collected during pilot operations will be used to evaluate the applicability of SVE 

technology to treat subsurface contamination at T-4. In addition, such data will provide the site- 

specific information necessary to support FS evaluation of SVE technology as a remedial action 

alternative for subsurface contamination at the East Trenches Area. 
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8.2.1 Pilot System Operations 

The data collected during pilot tests will show the effects of varying vent pressures, passive air 

inlet, and air injection. Radius of influence, air permeability, and contaminant removal rates 

are all expected to vary as these operating conditions change. During analysis of the pilot test 

data, this information will be analyzed in an attempt to determine, mathematically if possible, 

the effects of these operation variations. As an example, the pressure distribution equation 

(previously discussed in Section 3) will be applied to determine if radial flow patterns are 

achieved. 

The air permeabilities of both the alluvium and the sandstone will be estimated from previously 

constructed plots of subsurface pressure versus the natural logarithm of time. For example, to 

estimate the air permeability of the alluvium for a given vent operating pressure, a straight line 

will be fitted through the data of each PM probe in the respective Pilot Test No. 2 plot from 

which the slopes and y-intercepts will be read. This information will then be used to estimate 

the permeability of the alluvium at a given vent operating pressure to air flow following 

procedures outlined in "Guide for Conducting Treatability Studies Under CERCLA: Soil Vapor 

Extraction; Interim Guidance" (EPA, 1991b). This procedure will then be repeated for each 

vent operating pressure of Pilot Test No. 2 (total of 3 plots). This procedure will be repeated 

using Pilot Test No. 3 plots to estimate the permeability of the sandstone to air flow. 

Permeabilities to air flow will be reported as ranges. 

e 

The effect of sandstone dewatering will also be analyzed. The data collected during the pilot 

tests will show whether dewatering is beneficial. A detailed discussion and comparison of 

saturated versus unsaturated zone venting will be provided. 
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8.2.2 Sustained ODerations 

Data obtained during sustained operations will be used to estimate the system’s projected 

cumulative and individual (i.e. , alluvium versus sandstone) contaminant removal rates, and the 

individual radius of influences for alluvium and sandstone extraction vents. Of particular 

importance will be the interpretation of weekly plots of individual and cumulative contaminant 

removal rates versus time. To estimate the system’s projected contaminant removal rates, curves 

(i.e., regression analysis) may be fitted to the plots of contaminant removal rates versus time. 

Curves will only be fitted to mass removal rate data from the soil-vapor equilibrium point to the 

end of the sustained operations period. These fitted curves will be used to predict contaminant 

removal rates and residual soil concentrations as a function of treatment time. 

m Operating costs for the system will be prepared from data obtained during the sustained 

operations period. The cost estimates will be presented as follows: 

e 

e 

e 

Cost per pound of contaminant removed. 

Cost per cubic yard of soil remediated. 

Cost per volume of air extracted. 
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SECTION 9 

SCHEDULE 

A proposed schedule for the planning and implementation of the SVE pilot test at the East 

Trenches Area (Le., IHSS No. 11 1.1) is presented in Table 9-1. Table 9-1 presents specific 

completion dates for Subsurface IM/IRA activities leading up to the startup of the pilot unit at 

IHSS No. 11 1.1. Due to the uncertainty associated with the actual length of time that will be 

required to complete the pilot test, estimated time durations are listed in lieu of specific 

completion dates for activities conducted subsequent to "System Operations Testing/Begin Pilot 

Testing. It 

@ 
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Table 9-1 

Proposed Schedule 
East Trenches Area Pilot Test 

Subsurface IM/IRA 
Operable Unit No. 2 

Activity 

Submit Draft Test Plan to EPAKDH 

EPAKDH Comments on Draft Test Plan 

Submit Final Test Plan to EPA/CDH and 
Complete Site 1 Bid Package 

Solicit and Complete Evaluation of a Subcontractor BiddIssue Purchase Order 

Finalize Subcontractor Design Drawings/ 
EG&G Issues Authorization to Proceed 

Complete Pilot Unit Installation 

Complete Inspection and System Operations Testing/ 
Begin Pilot Testing 

Complete Pilot Study 

Submit Draft Pilot Test Report to EPA/CDHa 

EPA/CDH Comments on Draft Pilot Test Report 

Submit Final Pilot Test Report to EPAKDH 

e 

29 October 1992 

26 November 1992 

12 January 1993 

09 March 1993 

26 April 1993 

03 August 1993 

15 September 1993 

13 weeks after Pilot 
Study begins 

24 weeks after Pilot 
Study concludes 

3 weeks after receipt 
of Draft Test Report 

4 weeks after receipt 
of EPA/CDH 
comments on Draft 
Test Report 

a Schedule assumes 80 days for turnaround of analytical laboratory data. 
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SAMPLES COLLECTED 
OR OTHER TESTS 

PERFORMED 

ROCKY FLATS ALLUVIUM 

0.0-2.0' SAMPLE. 
Recovered 2.0/2.0' = 100%. 
0.0-0.6': GRAVELLY SILT: dusky broun (5 YR 2/21; 
1-4 cm broken quartzose gravel, trace fine-grained 
sand; trace clay; organics; roots; stiff; dry. 
0.6-2.0': GRAVELLY SILTY SAND: same as above; with 
fine to coarse-grained subrounded to subangular 
quartzose sand; roots; si lt; occasionally grading 
to gravelly sand/ clay; blackish red (5 R 2/21; 
Lou plasticity; dry. 

2.0-4.0' SAMPLE. 
Recovered 1.0/2.0' = 50%. 
GRAVELLY SILTY SAND: same as 0.6-2.0'; uith 2.0- 
2.4' moderate yellou broun (10 YR 5/61, 2.4-3-0' 
grayish orange -pink (5 YR 7/21. 

4.0-6.0' SAMPLE. 
Recovered 1.0/2.0' = 50%. 
GRAVELLY SILTY SAND: same as 2.0-6.0';  uith 2-4 cm 
gravels to cobbles. 

HNu Background: 0.0 
OVA Background: 0.0 

All readings on cuttings, 
in breathing tone, on 
core, and in augers: 0.0; 
unless otherwise noted 
belou. 

TRIP BLANK SAMPLE 
TB101789B 

0.0-0.2' SAMPLE 
(VOAs only) 
5789BR0002 

- 2.0' Reading in Auger 
HNu: 7 

0.0-3.0' SAMPLE 
5789BR0003. 

4.0-5.0' SAMPLE 
(VOAs only) 
5789BR0406 

4.0-7.2' SAMPLE 
5789BR0408 

PAGE 1 OF L. 



6.0-8.0' SAMPLE. 
Recovered 1.2/2.0' = 60%. 
GRAVELLY SILTY SAND: grading to gravelly clavCy 
sand; SYIIC as 4.0-6.0'; uith brownish black (5 YR 
2/1); organics; fine- to coarse-graid subrwnded 
to shangular quartzose sand, 2 an growls to 
cobbles; quartzose; non to low plasticity; dry. 

r 
n 

t 
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Note: 8.0-9.0': Drilled uith center bit. No 
sanple taken. 

SAMN rs mt I rcm 
OR UTIIER KSlS 

PERFORMED 

9.0-10.0' SAMPLE. 
Recovered 1.0/2.01 = 50%. 
GRAVELLY SILTY SAND: grading to gravelty clayey 
sand; same as 6.0-8.01; with light b r m  (5 YR 
5/6) to moderate brom (5 YR 4 /61 .  

10.0-12.0' SAWPLE. 
Recovered 2.0/2.0' = 100%. 
10.0-11.3': GRAVELLY CLAYEY SAND: grading to 
gravelly sandy clay; same as 9.0-10.0'; uith trace 
to some silt; -. 
11.3-12.0': GRAVELLY SILTY SAND: S- OS 6.0-8.0'; 
-:rh 3 em gravels to cobbles; quartzme; stiff; 

- -  . 
I c .: - i-. 8,' SAMPLE. 
Recovered 1.0/2.0' = 50%. 
GRAVELLY SILTY SAND: same as 11.3-12.0'; uith 
roderate brom (5 YR 4 / 4 )  and moderate orange pink 

9.0-10.0' SAMPLE 
(VOAS only) 
57898RO910 

9.0- 13 .O' SAMPLE 
5789810913 

12.0-13.0' SAMPLE 
( W A S  only) 
5789811 214 

13 -0- 17.3' SAMPLE 
57898R1317 



14 0-16.0' SAMPLE. 

14.0-14.9': GRAVELLY CLAYEY SAND: Same as 10.0- 
i z G G z x =  = 100%. 

llI3'. 
14.9-15.8': CLAY: yellow gray (5 Y 7/2) to grayish 
yellou (5 Y 8/4); trace gravels; trace sand; 
mediun to high plasticity; damp to moist. 
15.8-16.0': GRAVELLY CLAYEY SAND: same as 14.0- 
14.9'. 

16.0-18.0' SAMPLE. 
Recovered 2.0/2.0' = 100%. 
16.0-17.3': GRAVELLY CLAYEY SAND: same as 15.8- 
16.0'. 

OG OF BOREHOLE PAGE 3 OF 29 
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17.3-18.0': SILTY CLAYSTONE: moderate yellou (5 Y 
7/6) to pale yellou broun (10 YR 6/2); 
nonstratified; traces of banding; mediun to high 
plasticity; occasionally very silty; grading to 
clayey siltstone; damp. 

18.0-20.0' SAMPLE. 
Recovered 2.0/2.0' = 100%. 
SILTY CLAYSTONE: same as 17.3-18.0'; uith banding; 
mottled; blocky; stiff; d a w  

20.0-22.0' SAMPLE. 
Recovered 2.0/2.0' = 100%. 
20.0-21.3': SILTY CLAYSTONE: same as 18.0-20.0'. 
21.3-22.0': CLAYSTONE: uith traces to some silt; 
high plasticity. 

16.0-18.0' SAMPLE 
(VOAs only) 
57898111618 

20.0-22.0' SAMPLE 
(VOAS only) 
5789BR2022 ' 

5789BRZO22D 

17.3-22.0' SAMPLE 
57898111722 
5789BR1722D 

FIELD BLANK SAMPLE 
5789BR1722FB 
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22.0-24.0' SAMPLE. 
Recovered 2.0/2.0' 6 lorn. 
SILTY CLAYSTOME: seme as' 18.0-20.0'; occasionally 
grading to claystone with some silt; with traces 

SAMPIIS C3l-I FCTFD 
OR OIHER KSlS 

PERF OR M E D 

iron staining; moist. 

Recovered 2.0/2.0' 100%. 
SILTY CLAYSTONE: same as 22.0-24.0'; with moderate 
brow (5 YR 4 / 4 )  to moderate broun (5 YR 3 / 4 )  tO 
olive gray (5 Y 4/1); iron banding; iron nodules. 

26.0-28.0' SAMPLE. 
Recovered 2.0/2.01 = 100%. 
SILTY CLAYSTONE: same as 24.0-26.0'; with light 
brownish gray (5 YR 6/1); traces very fine-grained 
sand. 

28.0-30.0' SAMPLE. 
Recovered 2.0/2.0d = 100%. 
SILTY CLAYSTONE: same as 26.0-28.0'; with silty 
sandy claystone occasionally grading to silty 
clavev sandstone; unconsolidated; very fine- 

2 
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SILTY CLAYSTONE: same' as 
gray (5 Y 4/11; traces to 
quartzose sand; well 
occasionel Ly grading to si 
siltv clavey sandstone 

28.0-30.0'; with olive 
some very fine-grained 
sorted; very hard; 
tty sandy claystone and 
with very fine- to __.., ~ 

occasional iv :mediun-grained sand; cimp. 

32.0-34.0' SAMPLE. 
Recovered 2.0/2.0' = 100%. 
SILTY SANDSTONE: pale yellowish orange (10 YR 8/61 
to light gray (N 7 / 0 ) ;  predominantly very fine- to 
f ine-grained quartzose sand; subangular to 
subrounded; moderately sorted; silty; Lou to 
mediun plasticity; dam. 

34.0-36.0' SAMPLE. 
Recovered 2.0/2.0' = 100%. 
SILTY CLAYEY SANDSTONE: same as 32.0-31.0'; with 
olive gray (5 Y 4/1); fine- to mediun-, traces 
coarse-grained quartzose sand. 

-' n-38.0' SAMPLE. 
.-red 2.0/2.0' = 100%. 

2:Q CILTY CLAYSTONE: same as 34.0-36.0'; with 
preaominantty very fine- to fine-grained sand; 
occasionally medim-grained sand; silty; mediun to 
high plasticity; blocky; damp. 

PAGE 5 OF 29 
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38.0-40.0' SAMPLE. 

38.0-39.3': SANDY SILTY CLAYSTONE: S a  8s 36.0- 
Recovered 2.0/2.0' = 100%. 

38.0'. 
39.3-39.4': CLAYSTONE: gray (N 4 / 0 ) ;  blocky; 
dense; high plasticity. 
39.4-40.0': SILTY SANDY CLAYSTONE: s m  8s 36.0- 
38.0'; with very fine- to fine-grained sand. 

40.0-42.0' SAMPLE. 
Recovered 2.0/2.0' = 100%. 
CLAYEY SILTY SANDSTONE; pale yellouish orange (10 
YR 8 / 0 )  to light gray (N 7 / 0 )  and grayish yellow 
(5 Y 8 / 4 ) ;  2 mn banding; very fine- to fine- 
grained quartzose sand; subrounded to subangular; 
uell to moderately sorted; trace to some silt; 
trace to some clay; mediun to high plasticity; 
iron staining; 1-2 mn beds of silty claystone; 
dark gray (N 6/01; dense; hard; danp. 

42.0-44.0' SAMPLE. 
Recovered 2.0/2.0' = 100%. 
CLAYEY SILTY SANDSTONE: same as 60.0-42.0'; with 
41.0-42.0' dark gray (N 3/0) to mediun gray (N 
5/0) and light gray (N 6/01. 

4.0-46.0'  SAMPLE. 
Recovered 2.0/2.0' = 100%. 
CLAYEY SILTY SANDSTONE: same as 42.0-44.0'; _ -  - 
45.6-46.0: SANDY SILTY CLAYSTONE. 
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WELL NO. 8217589 LOG OF BOREHOLE 

46.0-68.0' SAMPLE. 
Recovered 2.0/2.0' = 100%. 
46.0-47.5'1 CLAYEY SILTY SANDSTONE: S m  as 44.0- 
46.0'; with interbedded claystone; sam as 39.3- 
39.4'. 
47.5-48.0': SANDSTONE: dark yellouish orange (10 
YR 6/6) to grayish orange (10 YR 7/4); 
nonstratified;. fine- to mediun-grained quartzose 
sand; subangular to subrwnded, derately sorted; 
trace silt; firm; moist. 

48.0-50.0' SAMPLE. 
Recovered 2.0/2.0' = 100%. 
CLAYEY SILTY SAND: dark yellouish orange (10 YR 
6/61; predominantly fik- to medik-grained 
quartzose sand; locally interbedded with silty 
claystone; firm to stiff; wet. 

50.0-52.0' SAMPLE. 
Recovered 2.0/2.0' = 100%. 
50.0-50.5': SILTY SAND: s~me as 48.0-50.0'; with 
Light gray (N 7/0); traces t o  some clay; Yet. 
50.5-50.55': CLAYSTONE: light gray (N 7/0); silty; 
firm; high plasticity; wet. 
50.55-52.0' : SANDSTONE: dark ye1 louish orange (10 
YR 6/6);  same as 17.5-68.0'. 

52.0-51.0' SAMPLE. 
Recovered 2.0/2.0' = 100%. 
SANDSTONE: same as 50.55-52.0'; with light. brom 
(5 YR 5/6); Lou coarse-grained quartzose sand; 
iron staining. 

P A E  7 OF 29 

SAMPLES SnLl€CTtD 
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54.0-55.0' SAUPLE. 
Recovered 0.0/1.0' = 0%. 

55.0-56.0' SAUPLE. 
Recovered 0.0/1.0' = 0%. 

56.0-57.0' SAMPLE. 
Recovered 1 .q/l .O' = 100%. 
SILTY SANDSTONE: grading at times to clayey 
sandstone; dark yellowish orange (10 YR 6/61 to 
medim gray ( N  5/0); 2 nm banding; fine- to 
dim-grained quartzose sand; moderately sorted; 
iron staining, silty; traces clay; medim stiff; 
low plasticity; wet. 

57.0-59.0' SAMPLE. 
Recovered 1.7/2.0' = 85%. 
SILTY SANDY CLAYSTONE: same as 56.0-57.0'; uith 
SILTY CLAYEY SANDSTONE stringers; medim 
plasticity; moist. 

59.0-61.0' SAMPLE. 
Recovered 1.8/2.0' = 90%. 
TILTy SANDY CLAYSTONE: same as 57.0-59.0'. 
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I I I 

61.0-63.0' SAMPLE. 
Recovered 2.0/2.0' = 100%. 
SILTY CLAYEY SANDSTOWE: S l ~ c  as 56.0-57.0'; with 
diun l ight gray (N 6/0), d i m  gray (N 5 / 0 )  to 
d i m  dark gray (N 6 / 0 ) .  

63.0-65 .Of SAMPLE. 
Recovered 0.7[2.0' = 35%. 
SILTY SANDY CLAYSTOWE: 8- as 57.0-59.0'. 

65.0-67.0' SAMPLE. 
Recovered 2.0/2.0' 8 100X. 
SILTY CLAYSTONE: sane as 63.0-65.0'; with traces 
of fine- to medim-grained quartzose sand; 
lenticular. 

67.0-69.0' SAMPLE. 
Recovered 2.0/2.0' = 100%. 
SILTY CLAYSTONE: same as 65.0-67.0'; with traces 
to some sand; black (N 1/0) c a r h c -  material. 
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69.0-70.0' SAMPLE. 
Recovered l.O/l.O1 = 100%. 
SILTY CLAYSTONE: same ab 67.0-69.0'; ui th  traces 
sand. 

70.0-71.0' SAMPLE. 
Recovered l.O/l.O1 = 100%. 
SILTY CLAYSTYE: same as 69.0-70.0'; w i t h  traces 
sand. 

71.0-72.0' SAMPLE. 
Recovered l.O/l.O' = 100%. .. . 

SILTY CLAYST&E: same as 70.0-71.0'; ui th  uet. 
71.6-72.0': SILTY SANDY CLAYSTONE: fine- to 
medim-grained quartzose sand; subangular to 
subrounded. 

72.0-73.0' SAMPLE. 
Recovered 0.0/1.0' 0%. 

73.0-74.0' SAMPLE. 
Recovered 1.0/1 .O' = 100%. 
73.0-73.4': SILTY CLAYEY SANDSTONE: same as 61.0- 
63.0'. 
73.4-74.0': SILTY CLAYSTONE: same as 71.0-72.0'; 
uith traces of sand. 

74.0-75.0' SAMPLE. 
Recovered 0.5/1.0' = 50%. 
SILTY SANDY CLAYSTONE: same as 73.0-74.0'; grading 
to s i l t y  clayey sandstone. 

Note: 15.0-76.1': Drilled out cement. 

76.1-80.3' SAMPLE. 
Recovered 6.1/6.2' = 98%. 
RQD: 3.49/4.1' = 85%. 
CLAYSTONE: dark gray (N 3 / 0 )  to o l i ve  gray (5 Y 
3/21; massive uith o l ive  black (5 Y 2/1) micro 
laminations; trace s i l t ;  moderately hard; no HCL 
reaction; moist. 



8 

80.3-84.3' SAMPLE. 
Recovered 4.3/4.0' * lO?.S%. 
RU): 3.7V4.3' = 87%. 
SILTY CLAYSTONE: dark gray (N 3/01 to olive gray 
(5 Y 3/2) and olive black (5 Y 2/1); mmssive; 20% 
silt; trace grayish orange (10 YR 7 / 4 )  siderite 
nodules and laminatia; trace organics; trace 
linnite to 2 nn; moderately hard; no HCL 
reictions; 6. 

84.3-88.3' SAUPLE. 
Recovered 3.914.0' 8 98%- - .~ . 
RW: 3.7/3.9' 8 05%. 
&: .5-85.3': CLAYEY SILTSTONE: grayish olive green 
(5 r,: 3/2) to grayish olive (10 Y 4/2); some silt; 
some carbonaceous micro Laminations; slickcnsided. 
85.3-88.3': SILTY SANDSTONE: medim gray (N 5/01 
to d i m  dark gray (I 4/01; laminated; trace 
interbedded with sady claystonc; very fine- to 
f ire-grained sand (2.5-3.5 phi ?; sbangular; 
subrovded; carbonaceous and fwslliferws; 8- 
siderite laminati- and nodules; very hard; w. 

83.0': Reading on core: 
HNu: 1.2 
- 
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80.3-92.3' SAMPLE- 
Recovered 3.9/4.0' = 98%. 
RQD: 3.75fi.9' = 9?%. 
SANDY SILTSTONE: dark greenish gray (5 GY 4/11; 
Laminations to 10 mn; olive gray (5 Y 4/1) sand 
stringers from 90.0' to 92.0'; very fine- to fine- 
grained, moderately sorted; subrounded to 
subangular; siderite stringers to 5 mn thick from 
91.0 to 92.3'; some carbonaceous material; 
moderately hard; no HCL reactions; danp. 

92.3-96.3:' SAMPLE. 
Recovered 3.25/4.0' = 81%. 
ROD: 2.55/3.25' = 78%. 
SILTY CLAYSTONE: greenish black (5 G 2 / 1 )  to dark 
gray (N 3 / 0 ) ;  micro Laminated; silt to 20%; 
yellowish gray ( 5  Y 7 / 2 )  to light olive brom (5Y  
5 / 2 1  siderite nodules and stringers; trace 
slickensides to 80' orientation; increasing 
slickensides of various orientations uith depth; 
claystone is slightly carbonaceous; moderately 
hard, some with low plasticity; no HCl reaction; 

mist to danp. 

85.3-91.9' SAMPLE 
GEOTECHNICAL 
(Hydrometer Analysis) 
5789BR8391 

10% Sand 
53% Silt 
27% Clay 
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96.3-100.3' SAMPLE. 
Recovered 4.0/4.0' * 100%. 
RPD: 3.W4.0' = 95%. 
SILTY CLAYSTONE: olive gray (5 Y 3/21 to dark gray 
(I 3/0); mnssive; silt to 2oX; slickensih at 
various orientations includiw vertical; trace 
light olive b r m  siderite nodules (5 Y 5/61; 
trace carbonsccws plant material; nodcrately 
hard, no YCL reaction; cbnp. 

100.3-104.3' SAMPLE. 
Recovered 2.W4.0' 60%. 
RaD: 1.9/2.CJ = 79%. 
CLAYSTONE: olive gray (5 Y 3/2) to mediun dark 
gray (I 4/0); massive; blocky; some silt; 
moderately hard; some moderate to high plasticity; 
no WCL reaction; danP. 
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104.3-107.3' SAMPLE. 
Recovered 2.9/3.0' = O X .  

I 
RQD: 2.2/2.9' = 76%. 
SILTY CLAYSTONE: olive black (5 Y 2/11 to grayish 
black (N 2/01; urstratified; silt to 35%; some 
carbonaceous material; nodcrately hard; no HCL 
reaction; moist to danp. 

107.3-111.3' SAMPLE. 
Recovered 6.6/6.0' = 115%. 
RQD: 3.W1.6' 8 78%. 
107.3-110.1': SILTY CLAYSTME: E m  OS 104.3- 
107.3'; increasing silt with depth. 
110.1-111.31: SILTY CLAYSTONE: grccnish black (5 
GY 2/11 to dark gray (N 3/01; soft scdimt 
deformation; traceo carbonaceous laminations; 
slickensided at 65 orientation, silt to 35%; 
moderately hard to hard; no HCl reaction; danp. 

107.3': Reading on Core: 
HNu: 0.8. 



I 

e .  
111.3-115.3' SAMPLE, 
Recovered 4.0/4.0' = 100%. . - - - -. 

RPD: 3.75/4.0° = 94%. 
111.3-114.2': SILTY CLAYSTONE: dark gray (N 3/0); 
mapive; mtminatd; silt to 35%; slickensikd at 
TO orientation; trace carboMccouc material; 
moderately hard, no HCL reaction; w. 
(N S/O); handgmcous; unlmninsted; silt to 35%; 
very fine-grained sand; well sort&; r*ngular; 
auartzose: moderately hard to hard; no HCL 

114.2-115.3': SILTY SANDSTWE: d i m  gray 

kact i on; danp. 

115.3-119.3' SAMPLE. 
Recovered 4.1/4.0t = 102.5%. 
ROD: 3.0/4.1' * 93%. 
115.3-115.6*: CLAYSTOWE: d i m  gray (N 5 / 0 ) ;  
predaninant ly homogenous; trace laminations; trace 
silt: trace siderite; firm; no HCL reaction; 
moist. 

SILTSTOWE: dark grey (U 3/0); massive; blocky; 
s i l t  fran 35 to 35%; increasing silt with Wth; 
trace dusky yellow (5 Y 6/4) siderite nodules at 
116.0'; moderately hard to hard; no HCl reactions; 

115.6-119.3': SILTY CLAYSTONE AND CLAYEY 
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119.3-123 -3' SAMPLE 
Recovered 3.2/1.0' = 80%. 
ROD: 3.2f5.2' = 100%. ' 
SILTY CLAYSTOUE AND CLAYEY S1LTSTaE: 8- os 
115.6-119.3'; with dusky yellou (5 Y 6/41 siderite 
nOdUlcS. 

123.3-127.3' SAMPLE. 
Recovered 0.15/4.0' = 3%. 
ROD: OX. 
SILTY CLAYSTmE AN0 CLAYEY SILTSTWE; S W  OS 
115.6-1 19.3'. 
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127.3-328.3' SAMPLE. 
Recovered 1.6A.O' = 160%. 
RQD: 0.6/1.6'- II 30%. ' 
SILTY CLAYSTONE: dark gray (N 3 /0 )  to olive black 
(5 Y 2/1); Rsssive; blocky; slickensided to 20 
orientation; silt to 30%; moderately hard; no HCl 
reaction; fresh; dmp. 

128.3-132.0' SAMPLE. 
Recovered 3.7/3.7' = 100%. 
ROD: 1.8513.7' = SOX. 
CLAYSTOUE: d i m  dark gray (I 4 / 0 ) ;  mssive; n0 
striations; blocky; same silt to 15%; moderate to 
high plasticity; no HCL reaction; fresh, mist to 
wet. 

132.0-136.3' SAMPLE. 
Recovered 1.2/4.3' = 28%. 
RPD: 0.45/1.2' = 38%. 
132.0-135.5': CLAYSTONE: d i m  gray (U 5 /0 )  to 
mediun dark gray (N 4 / 0 ) ;  massive; blocky; trace 
s i : t -  soft; high plasticity; no HCl reaction; wet. 
-, ._  36.3': SILTY CLAYSTONE: olive black (5 Y 

lnoaerately hard; fresh; no HCL reaction; denp. 

..;: . 

.. atratifid; blocky; silt to 35%, I .  
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136.3-138.3' SAMPLE. 
Recovered 3.3/2.0' = 165%. 
RPD: 0.7/3.3# = 21%. 
SILTY CLAYSTWE: s m  8s 132.0-136.3'. 

138.3-102.3' SAMPLE. 
Recovered 3.W4.0' 75%. 
RG: 0.5/3.0'- = 16%. 
SILTY CLAYST~UE: dark gray (W 3/01; bye; 
blocky to fissile; silt to 20%; prcdanlnently LOW 
Dlasticity; trace highly plastic; no HCL reaction; 
fresh; cia&. 
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142.3-146 3' SAMPLE. 
Recovered 0.0/4.0' = 0%. 

146.3-147.3' SAMPLE. 
Recovered 1.6/1 .On = 160% 
RPD: 0.0/1.6' 0%. 
CLAYEY SILTSTONE: dark gray (N 3/0); massive; 
blocky in part; clay to 35%; trace black (N 1/0) 
carbonaceous Laminations; moderately hard; no HCL 
reactions; Lou plasticity; fresh; damp. 

147.3-151.3' SAMPLE 
Recovered 0.W4.0' 0%. 
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151.3-153.3' SAMPLE. 
Recovered 0.85/2.0' = 42%. 
RQD: 0.0/0.85' = OX. 
CLAYSTONE: dark gray (N 3/0); massive; blocky in 
part; unstratified; trace to some silt; trace 
siderite nodules; derate to high plasticity; no 
Hcl-reection; fresh; danp. 

153.3-155.3' SAMPLE. 
Recovered 4.712.0' = 235%. 
RQD: 3.2/4.7' = 68%. 
SANDY SlLTSTONE: dark gray (N 3/01; massive; 
grades to silty sandstone with depth; no 
Laminations or striations; trace clay; sand to 35- 
45%; very fine-grained ; well sorted; subangular; 
quartzose; well cemented; hard to very hard; no 
HCL reaction; fresh; dam. 

155.3-159.3' SAMPLE. 
Recovered 3.7/4.0'  = 93% 
RQD: 3.7/3.7' = 100%. 
SANDY SILTSTONE: mediun dark gray (N 4 / 0 )  to dark 
gray (N 3 / 0 ) ;  massive; no Laminations; trace sand 
+- :lev trace to 10%; predominantly sand to -, - -  

- is very fine-grained; well sorted; 
~ ., 2 quartzose, well cemented; moderate to 

verr nara; no HCl reaction; fresh; d w .  
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Recovered 2.35/4.01 = 58.5%. 
ROD: 0.0/4.0' * 0%. 
SILTY CLAYSTONE: dark gray (N 3/01 to grayish 
black (N 2/0); massive; no striations or 
laminations; blocky in part; silt to 25%; 
moderately hard to hard; low to noderate 
plasticity; no HCL reaction; fresh; cbnp. 

163.3-167.3' SAMPLE. 
Recovered 4.3/4.0' 0 108%. 
ROD: 3.65/4.3' = 05%. 
CLAYEY SILTSTONE: dark gray (I 3/0); nottied with 
medim dark gray (W 4 / 0 )  in part; 10-12 IMI 
laminations in part; clay to 20%; sane siderite 
nodules (15%) at 167.0'; trace siderite nodules 
throughout; hard; f rcsh; danp. 



167.3-171.3' SAMPLE, 
Rrwered 2.0/4.0' = 50%. 
RPD: 1.O5/2.Of = 53%. ' 
CLAYSTONE: grayish black (I 2/0); rrssive; trace 
silt to 10%; sam light gray (N 7/0) to yellowish 
gray (5 Y 7/2) siderite nodules and laminations to 
30 nm: trace carbonaceous laminatims to 2 ma; 
hard; 'no HCL reactions; fresh; 

171.3-173.3' SAMPLE. 
Recovered 3.75/2.0* = 165%. 

plastic; m. 

RQD: 3.05/3.75' = 61%. 
CARBONACEOUS CLAYSTONE: dark gray (I 3/01; 
mssive; trace silt; sane yellowish gray (5 Y 7/21 
siderite nodules and laminations; hard to very 
hard; no HCL reactions; fresh; cbnp. 
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173.3-177.3' SAMPLE. 
Recovered 0.4/4.0' = IF. 
RPD: 0.0/0.4' = Ox. . 
CARBOWACEWS CLAYSTONE: same as 111.3-173.3'; with 
trace carbonaceous material in core. 

177.3-178-3' SAMPLE. 
Recovered 2.35/1 -0' = 235%. 

~~ 

RPO: 0.4/2.351- = 17%. 
SILTY CLAYSTONE: grayish black (N 2/01; massive to 
blocky; silt to 30%; trace yellowish gray (5 Y 
7/2) siderite nodules; trace carbomccws streaks; 
moderately hard to hard; nm plastic; no HCL 
reactions; danp. 

178.3- 182.3' SAWPLE. 
Recovered 4.25/4.0'  = 106%. 
RPD: 4.15/4.25' = 98%. 
CLAYEY SILTSTONE AND SILTY SANDSTONE: mediun dark 
gray (N 4 / 0 )  to olive gray (5 Y 3/21; d m i M t e d ;  
thinly interbedded with silty sadstone; clay to 
2oX; trace siderite nodules; very fine-graincd 
sand; wll sorted; subawular to subrwnded; 
--rrvose; well cemented; hard; no HCl reaction; 
':-ew; danp. 

PAGE 23 OF 29 
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182.3-186.3' SAMPLE. 
Recovered 4.47/4.0' = 112%. 

- RP[): 4.47/4.47' = loox. 
CLAYEY SANDY SILTSTONE AND SILTY SANDSTONE: dark 
gray (N 3/01 to d i m  dark gray (N 4 / 0 ) ;  
inttrkdded; clay $0 Zox; sand to 2OX; trace 
slickensides to 70 orientation; silty sad st^ 
has silt to 20%; very fine- to fine-graincd sand; 
uell sorted; subangular to subrwdcd; quartzose; 
very hard; fresh; denp. 

186.3-190.3' SAMPLE. 
Recovered 4.0/4.0' = 100%. 
RPO: 3.07/4.0; = 97x. 

some clay; some siderite nodules and lmimtions; 
trace to some carbonaceous material and fossils; 
very fine-grained sand; well sorted; subangular to 

- subrounded; quartzose; well cemented; very to 
extremely hard; weak WCL reaction; fresh; gt&S 
to predominantly si 1 tstone ui th depth; Qnp. 

SILTY SANDSTONE AND SANDY SILTSTONE: inter-; 
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190.3-194.3' SAMPLE. 
Recovered 3.0/4.0' = 95%. 
RPD: 3.?5/3.0' = 99%. 
SANDY SILTSTONE: dark gray (N 3 / 0 )  to mediun dark 
gray (N 4/01; s m  soft sediment deformation; 
laminated with carbonaceor(is material and siderite; 
trace slickensides to 70 orientation; trace to 
some yellouish gray (5 Y 7/2) siderite nodules; 
trace carbonaceous plant materiel; trace clay to 
10%; very fine-grained sand; well sorted; 
subrounded; well cemented; very to extremely hard; 
no HCl reaction; damp. 

194 -3- 198.3' SAMPLE. 
Recovered 4.0/4.0' = 100%. 
RQD: 3.75/4.0' = 94%. 
SILTY SANDSTONi: mediun dark gray (N 4 / 0 )  and 
olive gray (5 Y 4/1) some carbonaceous 
laminations; trace slickensides; some fossils and 
carbonaceous plant material; silt to 35%; some 
clay to 18%; very fine-grained sand; trace fine- 
grained; well sorted; subangular to subrounded; 
quartzose; very to extremely hard; no HCl 
L . ,  .?tions; damp. 

I 
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198.3-202.3' SAMPLE. 
Recovered 4.05/4.0' = 101%. 
ROD: 3.9/4.05' = 96%. 
SANDY SILTSTONE AND SILTY SANDSTaE: medim dark 
gray (N 4 / 0 )  and dark gray CW 3/01; thinly 
interbedded; soft sediment defamations; trace 
siderite and carbonaceous lmimtions; trace 
siderite fracture fill; trace to some carbonaceous 
plant material; very fim-graid sand; well 
sorted; subrovded; quartzose; well c-ted; wty 
hard; no HC1 reactions; denp. 

202.3-206.3' SAMPLE. 
Recovered 4.2/4.0' = 105%. 
RG: 3 3 6 . 2 '  = 79%. 
SILTY CLAYSTONE: d i m  dark gray (I 4 / 0 )  to dark 
gray (I 3 / 0 ) ;  trace brownish black (5 YR 2/1); 
massive; trace fractures; some slickensides at 
various orientations; silt to 20%; trace lignite 
in fractures; trace carbonaccauo material; trace 
siderite nodules; moderately hard; law to modcrate 
plasticity; no HCL reactions; damp. 
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206.3-210.3‘ SAMPLE. 
Recovered 2.85/4.0’ = 71%. . .____._  ~ 

ROD: 2.3W2.85; = 82%. 
CLAYSTONE: dark gray ( Y  3/0) ;  mssivc; blocky; 
trace carboMcM plgt wterial; trace silt; 
trace slickensides at 0 orientation; soft, no HCl 
reactions; moist. 

210.3-213.3’ SAMPLE. 
Recovered 2.65/3.0r = 88%. 
R#): 1.95/2.65’ = 74%. 
210.3-212.5’ : CLAYSTONE: dark gray (I 3/0) to 
olive gray (5 Y Ul); wssive; blocky; trace silt 
to 5%; rrodcretely hard; no HCl reaction; chrp. 
212.5-213.3’ : CARBOUACEWS CLAYSTWE: brownish 
black (5 YR 2/1); blocky; no Lmimtions; sane 
lignite; soft; brittle; no HCL reactions; chrp. 



WELL NO. 8217589 LOG OF BOREHOLE 

1-91 

313.3-216.3' SAMPLE, 
Recovered 4.45f3.0' = 148%. 
RPD: 3.8714.45; 8 8n. * 
213.3-214.5': CARBONACEWS StLTY, CLAYSTONE: S W  
as 212.5-213.3t with silt to 20%. 
214.5-216.3': SANDSTONE: dark greenish gray (5 C 
4/1) massive; trace silt; trace carbonaceous 
material; some clay to 15%; clay decreases with 
depth; very finc- to fine-grained sand; well 
sorted; subrovded; glauconitic; very hard; no HCI 
location; danp to moist. 

216.3-220.3' SAMPLE. 
Recovered 2.75f4.0' = 69%. 
RQD: 2.T5/2.75' = 100%. 
216.3-218.8': SILTY SANDSTONE: greenish gray (5 G 
6/1) to dark grmish gray (5 G 4/1); messive; 
soft sediment deformation structures; silt to 25%; 
sane clay to 15%; trace carbonaceous plant 
material; trace siderite nodules at 218.5'; very 
fine- to fine-grained sand; well sorted; 
subrouded; quartzose; very hard; no HCL 
react i om. 
213 "-229.3': SILTY SANDY CLAYSTONE: dark greenish 
gr== ' massive; silt to 20%; sand to 25%; 
very ' . fine grained sand; hard; no HCL 
reactions; denp. 

220.3-221.3' SAMPLE. 
Recovered 1.95/1.0' = 195%. 
ROD: 1.1/1.95' = 56%. 
SILTY CLAYSTONE: dark gray (N 3 / 0 )  to greenish 
black (5 GY 2/1); massive; trace pale yellowish 
orange (10 YR 8/6) siderite nodules; silt to 20%; 
trace carbonaceous material; some sand; very fine- 
grained sand; poorly sorted; subrourded; quartzose 
moderately hard to hard; no HCL reaction; damp. 
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Section No.: 

Effective Date: 

Approved by: 

a 
Director, Environmental Science & Engineering Project Manager 

QUALITY ASSURANCE ADDENDUM 

This Appendix consists of the Quality Assurance Addendum (QAA) for the Pilot Test Plan for Soil 

Vapor Extraction (SVE) Technology Subsurface Interim Measures Interim Remedial Action for the East 

Trenches Area (Operable Unit No. 2). This QAA supplements the "Rocky Flats Plant Site-Wide Quality 

Assurance Project Plan for CERCLA Remedial Investigation/Feasibility Studies and RCRA Facility 

Investigations/Corrective Measures Studies Activities" (QAPjP). This QAA establishes the site-specific 

Quality Assurance (QA) controls applicable to the investigation activities described in the ISV 

Technology Pilot Test Plan. a 
The previous SVE Pilot Test Plan described the performance specifications for design and construction 

of the SVE pilot system that will be tested in the alluvium at a site near IHSS No. 1 1 1.1, also known 

as Trench T-4, which is located within the boundary of Operable Unit No. 2 (OU2). This Pilot Test Plan 

is part of the Subsurface Interim Measures/lnterim Remedial Action (IM/IRA) Plan for the removal of 

volatile organic compound (VOC) contamination from areas within OU2. SVE offers an alternative to 

conventional excavation, treatment, and disposal approach for remediation of soils contaminated with 

VOCs. SVE removes VOCs from the subsurface by drawing air through vadose zone strata pore 

spaces to extraction vents connected to a blower system that draws the VOC laden air to the surface 

where it is treated prior to discharge to the atmosphere. Preliminary results from the Phase II RFI/RI 

at OU2 indicate the presence of VOCs that are amenable to treatment by SVE (i.e., relatively low 

molecular weight compounds with Henry's law constants greater than 0.01 1. Preliminary site 

characterization results for the East Trenches Area were discussed in Section 2.1 of the SVE Pilot Test 

Plan. 

Soil Vapw Extraction Pilot Teat Plan 
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D. 1 ORGANIZATION AND RESPONSIBILITIES 

Section No.: 

Effective Date: 

The overall organization of EG&G Rocky Flats and the Environmental Restoration (ER) Management 

Organization responsible for implementing the ER Program activities at the DOE Rocky Flats Plant (RFP) 

is presented in Section 1 .O of the QAPjP. Functional responsibilities are also described in Section 1 .O 
of the (QAPjP). 

The project-specific organization chart for the SVE Pilot Test at Trench T-4 will be prepared when the 

project subcontractors are identified. 

D.2 QUALITY ASSURANCE PROGRAM 

The QAPjP was written to address QA controls and requirements for implementing ER Program 

activities, as required by the RFP Interagency Agreement (IAG). The content of the QAPjP was driven 

by Department of Energy (DOE) Order 5400.1, the RFP QA Manual (RF QAM), and the IAG. DOE 

5400.1 and the RF QAM both require a QA program to be implemented based on American Society 

of Mechanical Engineers (ASME) NQA-1, "Quality Assurance Requirements for Nuclear Facilities." The 

IAG specifies development of a QAPjP in accordance with the Environmental Protection Agency (EPA) 

QAMS-005/80, "Interim Guidelines and Specifications for Preparing Quality Assurance Project Plans." 

The 18-element format of NQA-1 was selected as the basis for both the QAPjP and subsequent QAAs 

with the applicable elements of QAMS-005/80 incorporated where appropriate. Figure 2-1 of Section 

2.0 of the QAPjP illustrates where the 16 QA elements of QAMS-005/80 are integrated into the QAPjP 

and also into this QAA. Section 2.0 of the QAPjP also identifies other DOE Orders and QA 

requirements documents to which the QAPjP and this QAA are responsive. 

0 

The controls and requirements addressed in the QAPjP are applicable to SVE pilot testing activities, 

unless specified otherwise in this QAA. Where site-wide actions are applicable to SVE activities, the 

applicable section of the QAPjP is referenced in this QAA. This QAA addresses additional and 

site/project-specific QA controls and requirements that are applicable to the SVE pilot testing activities 

to be conducted at Trench T-4 that may not have been addressed on a site-wide basis in the QAPjP. 

Many of the QA requirements specific to the SVE pilot testing are addressed in the SVE Technology 

Pilot Test Plan and are referenced in this QAA. 

Soil Vapor ExtraCtiM Pilot Test Plan 
Rocky Flat. Plant. Golden. Colorwlo 
eg&O\a-lr.p\etrEnCh\firul\.ppsnbd.jur 
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D.2.1 Training 

The minimum personnel qualification and training requirements that are applicable to EG&G and 

subcontractor staff for RFP ER Program activities are addressed in Section 2.0 of the QAPjP. 

All EG&G and subcontractor staff working on SVE Pilot Test Plan for the East Trenches Area shall be 

trained in the EG&G Rocky Flats EM Operating Procedures, SVE Operational Procedures, and laboratory 

analytical procedures that are applicable to their assigned tasks. In addition to procedures training, 

EG&G and subcontractor personnel shall receive training on the requirements of the QAPjP and the IVS 

Technology Pilot Test Plan for the East Trenches Area (including this QAA). This training must be 

recorded, with verifiable documentation of training submitted to the EG&G Project Manager prior to 

implementing the SVE pilot testing activities described in the SVE Pilot Test Plan. EG&G and 

subcontractor personnel shall also be qualified to perform the tasks they have been assigned. 

Personnel qualifications must be documented, with documentation of qualifications verified by the 

EG&G Project Manager in accordance with EM administrative procedure 3-21 000-ADM-02.02, 

Personnel Qualifications. 

D.2.2 Quality Assurance Reports to Management 

A QA summary report will be prepared annually or at the conclusion of the SVE Pilot Test Plan 

activities (whichever is more frequent) by the EG&G QA Manager. This report will include a summary 

of field operation and sampling oversight inspections, laboratory assessments, surveillance, and a 

report on data verification/validation results. 

D.3 DESIGN CONTROL AND CONTROL OF SCIENTIFIC INVESTIGATIONS 

D.3.1 Design Control 

The SVE Pilot Test Plan for the East Trenches Area describes the general design considerations for 

implementing the SVE technology, outlines construction specification and performance requirements 

for the pilot SVE system (including vapor extraction vents, air injection vents, ground-water extraction 

wells, pressure monitoring probes, and vapor manifolds), summarizes site preparations for system 

installation, describes construction specifications and performance requirements for the vapor 

Sail Vwor Extraction Pilot Test Plan 
Rocky Flnr Amt. Golden, Colordo 
eg&g\.r-ir.p\etrsnch\final~p~~d.ien 
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extraction unit, and summarizes the pilot system test operations. A s  such, the SVE Pilot Test Plan is 

considered the environmental investigation control plan for SVE technology testing at Trench T-4. 

D.3.2 Data Quality Objectives 

The development of Data Quality Objectives (DQOs) for the SVE technology testing at Trench T-4 was 

presented in Section 2.3 of the Pilot Test Pian. Data quality is typically measured in terms of precision, 

accuracy, representativeness, comparability, and completeness (also referred to as PARCC parameters). 

Precision, accuracy, and completeness are quantitative measures of data quality, while 

representativeness and comparability are qualitative statements that express the degree to which 

sample data represent actual conditions and describe the confidence of one data set to another. These 

parameters are defined in Appendix A of the QAPjP. Environmental samples to be collected and 

analyzed to provide measurement data associated with the SVE treatment system include pre-testing 

subsurface soil samples and air samples from the vapor extraction unit. Objectives measures for 

precision, accuracy, and completeness for vapor extraction unit air sample analyses were established 

in Section 2.3 of the SVE Test Plan. 

Soil samples will be collected from the borings advanced for the installation of the pilot unit wells. 

These soil samples will be analyzed to provide information on VOC and radionuclide contaminant 

concentrations of the subsurface soils at the wells. Analytical methodology yielding Level IV data will 

be used for analysis of the soil samples (i.e., analytical protocols that are equivalent to EPA Contract 

Laboratory Program methods and procedures). The objectives for precision and accuracy for the 

analytes of interest will be as specified in Appendix B of the QAPjP (Le., method-specific historical 

objectives for precision and accuracy). The objective for completeness for soil sample laboratory 

analyses is 90%. 

D.3.3 Sampling Locations and Sampling Procedures 

The SVE system consists of the following components: 

1 alluvium extraction vent 

1 alluvium forced air injection vent 

Soil Vapor Extraction Pilot Test Plan 
Rocky Fiats Plant, Golden, Colorado 
eg&O\g-ir.pbtrench\finJ\.pWndd.i.n 

FINAL JMuary 1993 
Page 0-4 



ENVIRONMENTAL RESTORATION PROGRAM Manual: 21000-wP-0u2.07 0 Pilot Test Plan Soil Vapor Extraction Technology Section No.: Appendix D 
Interim Measures/lnterim Remedial Action Page: 5 o f  12 
East Trenches Area (Operable Unit No. 2) Effective Date: 

1 sandstone extraction vent and ground-water extraction well 

1 sandstone forced air injection vent and ground-water extraction well 

3 alluvium pressure monitoring probes 

2 sandstone pressure monitoring probes, and 

1 vapor extraction unit 

The extraction and injection vents and pressure monitoring (PM) probes will be installed in boreholes 

drilled with a hollow stem auger, according to EM Operating Procedures 5-21 000-OPS-GT.2, Drilling 

and Sampling Using Hollow-Stem Auger Techniques. Hole depth and diameter specifications were 

established in Section 4 of the SVE Test Plan. Undisturbed soil cores will be collected continuously 

during drilling. Soil cores will be described according to EM Operating Procedure 5-21 000-OPS-GT. 1, 

Logging Alluvial and Bedrock Material. Soil core samples collected at 5, 10, and 15 feet will be 

collected according to OPS-GT.2, composited, and submitted to a laboratory for radionuclide analyses. 

The three soil core samples collected from the vapor extraction wells that display the highest organic 

vapor readings (as obtained according to 5-21 000-OPS-FO. 1 5, Use of PlDs and FIDs) will be forwarded 

to an off-site analytical laboratory for VOC analyses. 

Air samples will be collected from three sample ports installed in the vapor extraction unit. The vapor 

extraction unit is described in Section 6 of the SVE Pilot Test Plan and the sample port locations are 

described in Section 6.7.7. Samples will be collected according to a sampling procedure to be 

developed following EPA Standard Test Method 18. 

Additional EM Operating Procedures and to be developed SVE Vapor Extraction Unit Operational 

procedures that are applicable to the SVE pilot testing described in the SVE Pilot Test Plan are listed 

in Table D-1 . 

D.3.4 Analytical Procedures 

VOCs in soil samples will be quantified according to EPA analytical method 8240. Soil samples will 

be analyzed for radionuclide activity levels according to methods specified in Part B of the EG&G 

General Radiochemistry and Routine Analytical Services Protocol (GRRASP). All laboratory analyses 

will adhere to procedures specified in Parts A and B of the GRRASP. e 
Soil Vapor Extraction Pilot Teat Plan 
Rocky Flats Plant, Golden, Colordo 
eg&g\r t - i r~p\at rench\ f ine l~p~~~. jan 
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TABLE D-1 

EM ODeratino Procedures and ..O / / /  
' ISV 4Activities 

For Which They Are Applicable 

EM Operating Procedures 

F0.01 I Air'Monitoring & Dust Control 

TED = To Be Developed (i.e., SOP, written instruction, or scientific notebook). 

2 Source for this procedure is EPA Standard Test Method 18 
Source for these procecdures is EPA Source Method 2 
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Data will be collected during the test runs and operation of the vapor extraction unit according to data 

collection procedures described in Section 7.4 of the SVE Pilot Test Plan. Air samples collected from 

the three air sample collection ports will be analyzed using an on-site portable gas chromatograph. In 

addition to installation of HEPA filters in the vapor extraction unit, an in-line, real-time alpha radiation 

monitor will be installed and connected to an alarm/system shutdown. 

D.3.5 Equipment Decontamination 

Sampling equipment that is used at more than one location shall be decontaminated between sampling 

locations in accordance with OPS-FO.03, General Equipment Decontamination. Other equipment (e.g., 

truck mounted auger) potentially contaminated during drilling and/or sampling shall be decontaminated 

as specified in OPS-FO.04, Heavy Equipment Decontamination. 

D.3.6 Quality Control a 
Field sampling quality control will consist of: collection of field duplicate samples (for both air and soil 

analyses) at the rate of 1 per 20 samples (or for soil samples, at least one duplicate sample will be 

collected for analysis); replicate analysis of 1 in 20 air samples; and preparation and analysis of an 

equipment rinsate blank for every 20 soil samples collected (or at least one rinsate blank if 20 soil 

samples are not collected). Notwithstanding the QA sample schedule just presented, the number of 

field duplicates and replicates that will be collected will be limited to one each per day. Analytical 

laboratory QC for soil sample analyses shall be as specified in the GRRASP. A laboratory control 

sample shall be analyzed at the rate of 1 in 10 air samples. 

D.3.7 Quality Assurance Monitoring 

To assure the overall quality of the soil and air sampling and analysis activities associated with the SVE 

pilot testing at Trench T-4, field oversight inspections will be conducted during sampling and analysis 

activities. 

Sail Vapor Extraction Pilot Tost Plan 
Rocky Flats Plant, Golden, Colorado 
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D.3.8 Data Reduction, Validation, and Reporting 
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Effective Date: 

Data evaluation and reporting requirements for field and laboratory data are discussed in Section 8 of 

the SVE Pilot Test Plan. 

D.4 PROCUREMENT DOCUMENT CONTROL 

Procurement documents for items and services, including services for conducting field sampling and 

analysis, shall be prepared, handled, and controlled in accordance with the requirements and methods 

specified in Section 4.0 of the QAPjP. 

D.5 INSTRUCTIONS, PROCEDURES, AND DRAWINGS 

The SVE Pilot Test Plan for the East Trenches Area describes the field sampling, operational testing 

and monitoring, and analyses activities to be performed. The SVE Pilot Test Plan will be reviewed and 

approved in accordance with the requirements for instructions, procedures, and drawings outlined in 

Section 5.0 of the QAPjP. 

e 
Existing EM Operating Procedures and vapor extraction unit operational monitoring and sampling 

procedures are identified in Table D-1 , Vapor extraction operational monitoring procedures identified 

as "TBD," and any other, quality-affecting procedures proposed for use but not identified in Table D-1 

will be developed and approved as required by Section 5.0 of the QAPjP prior to performing the 

affected activity. 

Changes and variances to approved operating procedures and the SVE Pilot Test Plan shall be 

documented through preparation of Document Change Notices (DCNsI, which will be prepared, 

reviewed, and approved in accordance with requirements specified in Section 5.0 of the QAPjP. 

In addition to the general specifications for the vapor extraction unit described in Section 6.2 of the 

SVE Pilot Test Plan, design submittals for the vapor extraction unit will be prepared and submitted to 

the EG&G Project Manager in accordance with Section 5 of the QAPjP. The submittals shall include: e 
Manufacturer's drawing for each major component 

Soil Vapor Extraction Pilot Test Plan 
Rocky Flaw Plant. Golden. Colorodo 
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Detailed construction drawings 

Operating and maintenance manuals for major components and equipment 

Operating and Maintenance manual for the full system 

D.6 DOCUMENT CONTROL 

The following documents will be controlled in accordance with Section 6.0 of the QAPjP: 

0 Pilot Test Plan for In Situ Volatilization Technology for the Subsurface Interim 

Measures/lnterim Remedial Action at the East Trenches Area (Operable Unit 21, 

including appendices. 

0 "Rocky Flats Plant Site-Wide Quality Assurance Project Plan for CERCLA Remedial 

Investigation/Feasibility Studies and RCRA Facility Investigations/Corrective Measures 

Studies Activities" (QAPjP) 

0 EM Operating Procedures and Vapor Extraction Unit Operational procedures (all 

operating procedures specified in the SVE Pilot Test Plan and this QAAI. 

D.7 CONTROL OF PURCHASED ITEMS AND SERVICES 

Subcontractors that provide services to support the SVE pilot testing program activities will be selected 

and evaluated as outlined in Section 7.0 of the QAPjP. This includes pre-award evaluation/audit of 

proposed subcontractors as well as periodic assessment of the acceptability of contractor performance 

during the program. Any items or materials that are purchased for use during the pre-test sampling 

and SVE system installation, testing, and operation that have the ability to affect the quality of the 

data should be inspected upon receipt. 

D.8 IDENTIFICATION AND CONTROL OF ITEMS, SAMPLES, AND DATA 

Soil and air samples shall be identified and handled, containerized, shipped, and stored in accordance 

with EM Operating Procedure 5-21 000-OPS-FO. 1 3, Containerizing, Preserving, Handling, and Shipping 

of Samples, and Sections 4.8 and 7.4 of the SVE Pilot Test Plan. 

Soil Vapor Extraction Pilot Tea Plan 
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Sample identification and chain-of-custody will be maintained through the application of OPS-FO. 1 3 

and Section 8.0 of the QAPjP. 

D.9 CONTROL OF PROCESSES 

The overall processes of collecting and analyzing samples require control. The processes are controlled 

by adhering to the SVE Pilot Test Plan and the sampling and analytical procedures referenced. 

The Vapor extraction unit process of the SVE system is described in Section 6 of the SVE Pilot Test 

Plan, including equipment and performance specifications. Any deviations from performance 

specifications identified in Section 6 of the SVE Pilot Test Plan must be documented per Section 15 

of the QAPjP and EM Administrative Procedure 3-2 1000-ADM-15.01, Control of Nonconforming Items 

and Activities. Section 6 of the SVE Pilot Test Plan also includes a description of the process 

monitoring and control instrumentation of the vapor extraction unit. 

D.10 INSPECTION 
a 

Following installation of the SVE system and connection of the aboveground equipment, a system 

shakedown inspection shall be conducted according to the requirements of Section 10.0 of the QAPjP. 

The system shakedown inspection will include the items and equipment identified in Section 7.2.1 of 

the SVE Pilot Test Plan. The system shakedown inspection shall be documented on an Inspection 

checklist developed specifically for this inspection and shall be conducted prior to the system startup 

test runs. 

D.11 TEST CONTROL 

A series of nine startup system tests shall be conducted of the SVE system. These tests are designed 

to determine the range of operating conditions that can be achieved by various system configurations, 

and to select the optimal operating conditions for sustained operations of the SVE system. The startup 

tests are described in Section 7.2.2 and summarized in Table 7-1 of the SVE Pilot Test Plan. The 

operational parameters and schedule of measurements to be taken during each of the startup tests are 

identified in Table 7-2 through 7-5 of the SVE Pilot Test Plan. 0 
Soil Vapor Extraction Pilot Teat Plan 
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D.12 CONTROL OF MEASURING AND TEST EQUIPMENT (M&TE) 

The GC used to analyze air samples should have a file that contains: 

0 Specific model and instrument serial number 

Routine preventative maintenance procedures, including a list of critical spare parts to 

Calibration methods, frequency, and description of the calibration solutions 

Standardization procedures (traceability to nationally recognized standards) 

0 Operating instructions 

0 

be provided or available in the field 

0 

0 

D.13 HANDLING, STORAGE, AND SHIPPING 

Samples shall be packaged, transported, and stored in accordance with EM Operating Procedure 5- 
21000-OPS-F0.13. 

D.14 STATUS OF INSPECTION, TEST, AND OPERATIONS 

The status of the system shakedown inspection, the system startup tests, and sustained operations 

shall be documented according to the requirements of Section 14.0 of the QAPjP and Section 8 of the 

SVE Pilot Test Plan. 

D.15 CONTROL OF NONCONFORMANCES 

The requirements for the identification, control, evaluation, and disposition of nonconforming items, 

samples, and data will be implemented as specified in Section 15.0 of the QAPjP. Nonconformances 

identified by the implementing contractor(s) shall be submitted to EG&G for processing as outlined in 

the QAPjP and EM Administrative Procedure 3-21000-ADM-15.01. 

a Soil V.pw Extraction Pilot T a t  Plan FINAL January lS93 
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Appendix D 

D. 16 CORRECTIVE ACTION 

The requirements for the identification, documentation, and verification of corrective actions for 

conditions adverse to quality will be implemented as outlined in Section 16.0 of the QAPjP. Conditions 

adverse to quality identified by the implementing contractor shall be documented and submitted to 

EG&G for processing as outlined in the QAPjP. 

D.17 QUALITY ASSURANCE RECORDS 

Field QA  records will be controlled in accordance with QPS-FO.02, Field Document Control. QA 

records to be generated during pre-test sampling and SVE system installation, inspection, testing, and 

operations are identified in referenced operating procedures and Section 8 of the IVS  Test Plan. 

D. 18 QUALITY VERIFICATION 

The requirements for the verification of quality shall be implemented as specified previously in Section 

D.3.7 of this Appendix. 

A Readiness Review shall be conducted by the QAPM prior to implementing the field sampling, 

inspection, testing, and operating activities described in ;the SVE Pilot Test Plan. The readiness review 

will determine if all activity prerequisites have been met that are required to begin work. The 

applicable requirements of the QAPjP, the IVS  Pilot Test Plan, and this QAA will be addressed. 

D. 19 SOFTWARE CONTROL 

The requirements for the control of software are not applicable to the SVE testing activities to be 

performed at Trench T-4. 
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PREPAREDBY m DEPT DATE 

MATH CHECK BY DEPT DATE 



2cf7 

SYSTEM CONFIGURATION INDIVIDUAL PRESSURE GROUP PRESSURE 
DROP (in. water) DROP (in. water) 

13 ft. of 6 in. ID Pipe at 600 cfm 0.315 
1 4 in. 90 degree Elbows at 600 cfm 2.192 
2 6 in. 90 degree Elbows at 600 cfm 0.764 
1 6 in. Butterfly Valves at 600 cfm 0.573 . 
1 6 X 4 in. Reducers at 600 cfm 0.733 

Total pressure drop through Straight Pipes 
Total pressure drop through 90 degree Elbows 
Total pressure drop through Butterfly Valves 
Total pressure drop through Reducers 

TOTAL PRESSURE DROP THROUGHOUT THE SYSTEM 

af : Crane's Handbook, Chapter 3. 

0.315 
2.956 
0.573 
0.733 

4.577 



36F 7 

RFP ISV - AV1 - 4 "  PIPE 

SYSTEM CONFIGURATION INDIVIDUAL PRESSURE 
DROP (in. water) 

13 ft. of 4 in. ID Pipe at 600 cfm 2.713 
3 4 in. 90 degree Elbows at 600 cfm 6.576 
1 4 in. Butterfly Valves at 600 cfm 3.288 

Total pressure drop through Straight Pipes 
Total pressure drop through 90 degree Elbows 
Total pressure drop through Butterfly Valves 

TOTAL PRESSURE DROP THROUGHOUT THE SYSTEM 

GROUP PRESSURE 
DROP (in.water) 

2.713 
6.576 
3.288 

12.577 

Ref: Crane's Handbook, Chapter 3. 
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RFP ISV - SV1 - 6" PIPE 

SYSTEM CONFIGURATION INDIVIDUAL PRESSURE 
DROP (in. water) 

9 ft. of 6 in. ID Pipe at 600 cfm 0.218 
1 4 in. 90 degree Elbows at 600 cfm 2.192 
1 6 in. Butterfly Valves at 600 cfm 0.573 
1 6 X 4 in. Reducers at 600 cfm 0.733 

Total pressure drop through Straight Pipes 
Total pressure drop through 90 degree Elbows 
Total pressure drop through Butterfly Valves 
Total pressure drop through Reducers 

TOTAL PRESSURE DROP THROUGHOUT THE SYSTEM 

GROUP PRESSURE 
DROP (in.water) 

0.218 
2.192 
0.573 
0.733 

3.716 

f: Crane's Handbook, Chapter 3. e 



RFP ISV - SV1 - 4 ”  PIPE 

SYSTEM CONFIGURATION INDIVIDUAL PRESSURE GROUP PRESSURE 
DROP (in. water) DROP (in.water) 

9 ft. of 4 in. ID Pipe at 600 cfm 1.878 
1 4 in. 90 degree Elbows at 600 cfm 2.192 
1 4 in. Butterfly Valves at 600 cfm 3.288 

Total pressure drop through Straight Pipes 
Total pressure drop through 90 degree Elbows 
Total pressure drop through Butterfly Valves 

TOTAL PRESSURE DROP THROUGHOUT THE SYSTEM 

1.878 
2.192 
3.288 

7.358 

Ref: Crane’s Handbook, Chapter 3 .  



1 
8 
12 
1 
1 
2 
1 
1 
1 
1 

RFP ISV - TOTAL - 6" PIPE 

SYSTEM CONFIGURATION INDIVIDUAL PRESSURE GROUP PRESSURE 
DROP (in. water) DROP (in.water) 

ft. of 6 in. ID Pipe at 600 cfm 
ft. of 6 in. ID Pipe at 240 cfm 
ft. of 6 in. ID Pipe at 360 cfm 
4 in. 90 degree Elbows at 240 cfm 
4 in. 90 degree Elbows at 360 cfm 
6 in. 90 degree Elbows at 360 cfm 
6 in. Butterfly Valves at 240 cfm 
6 in. Butterfly Valves at 360 cfm 
6 X 4 in. Reducers at 240 cfm 
6 X 4 in. Reducers at 360 cfm 

0.024 
0.031 
0.105 
0.351 
0.789 
0.275 
0.092 
0.206 
0.117 
0.264 

Total pressure drop through Straight Pipes 
Total pressure drop through 90 degree Elbows 
Total pressure drop through Butterfly Valves 
Total pressure drop through Reducers 

TOTAL PRESSURE DROP THROUGHOUT THE SYSTEM 

0.160 
1.415 
0.298 
0.381 

2.254 

Ref: Crane's Handbook, Chapter 3. 



7oF 7 

RFP ISV - TOTAL - 4" PIPE 

SYSTEM CONFIGURATION INDIVIDUAL PRESSURE GROUP PRESSURE 
DROP (in. water) DROP (in.water) 

1 ft. of 4 in. ID Pipe at 600 cfm 0.209 
8 ft. of 4 in. ID Pipe at 240 cfm 0.267 
12 ft. of 4 in. ID Pipe at 360 cfm 0.902 
1 4 in. 90 degree Elbows at 240 cfm 0.351 
3 4 in. 90 degree Elbows at 360 cfm 2.367 
1 4 in. Butterfly Valves at 240 cfm 0.526 
1 4 in. Butterfly Valves at 360 cfm I. 184 

Total pressure drop through Straight Pipes 
Total pressure drop through 90 degree Elbows 
Total pressure drop through Butterfly Valves 

TOTAL PRESSURE DROP THROUGHOUT THE SYSTEM 

0 

1.377 
2.718 
1.710 

5.805 

Ref: Crane's Handbook, Chapter 3. 

.--- 



SHEET- 1 of - I 

CLIENT/SUB JECT W.O. NO. 

TASK NO. TASK DESCRIPTION 

PREPAREDBY DEPT DATE 

MATH CHECK BY DEPT DATE 

DEPT -DATE METHOD REV. BY DEPT DATE 1 



C - 131 

'a v 

n 

3210 PRESSUrJE SLIP CURVE 
(NOTE: 16/47 SERIES LIMITED Td 10 PSIG) (.112 CFR DISPL.) 

W 

c 

-r.- .. ,.- 



.--- 

RFW 10-05-003IA-5/85 
r * n  C C l O  



PREPARED BY M4D DEPT DATE ( d 3  ,k; t  
MATH CHECK BY k% DEPT WL- L DATF I \Vi43 

F- 

APPROVED BY 





3 07% 
GROUND-WATER HYDRAULIC8 16 

10. (bn 
10.8(0( 
10.7534 
10.67a4 
10. socn 
10. nxu 
10. loIl 
10. w f o  
.lo. = 
10.1aI8 

10.1m 
10. m 
10.019( 
9. am 
9.9125 
0. eo61 
9.8710 

9. rnl 
9. Boa 
9. Tfld 
9.7418 

9. 6Euo 
9.6648 

0.60n7 
0.6748 

0.6405 
9.6248 
9. m 7  

9.4541 
9.4317 
9.1081 
9. as82 
9.3371 
9.3465 

9. aa63 
9.3065 
9. 2871 
9. WI 
9.3l94 
9.2310 
9.2130 
9.1963 
9. ltlo 
9.1606 

0.1440 
9. 1275 
9. Ill2 
9. m2 
9. om 
9. o(w0 
9.0487 
.o. Oal 
9.0189 
9. oou 
sum 

8.91'19 
8. OllB 
8. OPO 

s 8817 

6- 
a m  
6 (017 
L 8lQs 

6 7957 
6TBlo 
L r n  
8.7610 
6 7497 

6- 
a m 5  

6 0951 
8. @A5 
6.6740 
8. b(u7 
8 . W  
8.6433 

m. 4357 

IO. was 
io. 147s 

9.7120 

9. snr 

9.4771 

a 9757 
s mri 

a 0076 a m  
acwo 

6 mm 

a 71013 a m  

4.0519 
3.9436 
3. €336 
K.1165 
3.7054 
3. w 4  
3.5739 
8.5143 
3.4581 
1.1060 

3.5517 

8 2614 
3.21'19 
3.1763 
a. lam 
3.008J 

3. mbl 
Popp 

a os01 

28963 
z'8628 
2.8379 
2.8088 
2 789 
2.7.563 
2'1306 

2 MI3 
2 6576 
26344 
2 6119 
2 .ww 
2.56% 
2 6474 
2 . 5 m  
2.6068 
2.4871 

24379 
2 4491 
24306 
2 4126 
2 3e48 
2 3775 
2- 
2 3437 
2.3273 
23111 

2353 
22287 
2 2645 
2 2494 
22346 

2 2058 
2 1917 
2 17'19 
2 1663 

raw 

a. 01315 

a m  

2 70% 

2 mi 

1.822B 0.2194 
1.7371 .I- 
1.w .I% 
1 . f a o  .1m 
1.m1 .I162 

1 0  
I .  1 
1.2 
1.3 
1.4 
I. 5 

1. , 
1.11 
1. Y 

2.0 
2. 1 
2.2 
2.3 
2. 4 
2 5  
2 6  
2 7  
2 6  
2 u  

3.0 
:t I 
3 2' 
3 3  
3 4 
3 s  
3 li 
3 ;  
3. I( 
3 9  

1.6 

417 
4 1  
4 2  
4 3  
4 4  
4 s  
1.6 
4 7  

4 9  

5.0 
5. 1 
5 2  
5 3  
5. 4 
5. 5 
5. G 
s i  
5 8  
5. 9 

f i 0  
I , .  I 
ti 2 
0 3  
I. 4 
6.5 
6 6  
6.7 
I. 8 
0 0  

i. 0 
i. 1 
7. 2 
7.3 
7. 4 
7.6 
7.6 
7.7 
7. R 
7.9 

8.0 
8.1 
8. 2 
8.3 
8.4 
8.5 
8 6  
8.7 
8.8 

9.0 
9. I 
9. 2 
9 3  
9.4 
9.5 
9.6 
9.7 
9.8 
9 9  

4 8  

a9 

ai. u ~ 1  ai. mm 
ai. xa m.nm 

ai. illg 

814767 

$1.9535 
31.1m 

. n.rn12 
31.0171 

22. 4w 
P 3s.. 
PZw 
22. Iwa 
P llP 
PDu1 

21.9180 
n. mw 
21. a066 

a.7656 
11.3067 
21.4602 
21.6167 
21.6732 
~ZI..s323 
21.4m1 
PI. 4654 
21.4190 
pI.a@ae 

SI. uoo 
21.3172 
21. !m5 
XI. 7547 

21.1059 
21.1677 
n. 1403 
21. IIM 
21. mi7 

21.0376 
21.0136 
20. Do00 
m. 9446 
m.9126 

20.8Roo n. 85Q( 

m. 81M m. Bm) 
m. 

m. 725Q 
23. m 

ai. ofed 

21.2249 

21.0323 

m. 9670 

m.ooii 

m. ma 

m. 76zi m. 7430 

a. (DOOB m. 6737 

23. 6569 
23.6403 
20.6241 
m.dOB1 m. sen m. 5768 m. 5616 
20. 5165 
20.6317 
20.6171 

m. 488s 

20.4472 

m. son 
m. 4746 m. w 
m. 4337 m. l l ~ s  m. (074 
m.aM5 
a. a818 

m. am2 
a. 3568 m. 3445 
a. 3324 

9 0 . ~  
10.2889 

10.2739 m. 36-M 

23. 2404 

m. 3101 

m. zw 

m. 2514 

m. p81 m. 21% m. mn 

m. IW m. 1561 

m. 1933 m. lea 
20. 1765 

m. l m l  m. w 7  
19. wn 
19.0637 
19. mal 
IS. 7406 
I@. 6 0  
19.6154 
1 9 . m  
19. SOIZ 

19.45s 
19. a 1  
10.3.576 
19. ,131 
19. nos 
19. PgB 
19.lDos 
19.162fJ 
19.1164 
19.0313 

19.0474 
19.0146 
18.9829 
IS. 9521 
18.01L3 
18. 8osa 
18.BM1 
IS. 8377 
18.8110 
18. '1851 

18.7sQl 
18.7351 
18.7110 
18. a 3 4  
18.6644 

18 6200 
18. SReS 
18.5774 
18. 5568 

18. m 
18.5168 
18.4974 
18.4183 
18.4% 
18.4413 
18.4w3 
IS. 4056 
18.5882 
18.3711 

18.3378 
18.3215 
18.3055 
18. 2888 

18.25w 
18.243 
18.2291 
18.2145 

18. mol 
IS. 18m 
18.1723 
18.1582 
18.1446 
18.1311 
18.llto 
18.1048 
18.0DlO 
18. om 
18. WM 
18. 0542 
18.0419 

18.0178 
18. OcmO 
17.89(3 

17. 9713 
17. Om, 

17.- 
17. E378 
17. ollls 
17.9160 
17.9053 
17. Bola 
17.8813 
17.8739 
17.8637 
17.8535 

in.  64m 

la 35(a 

18. 2742 

ia 0298 

17. oBn 

17.8435 
17.7482 
17. a l l  
17. A311 
17.6070 
I7.4.W 
17.3735 
17. SIIII 
17.2557 
17.2316 

17.1503 
17.1015 
17.ossO 
I?. 0103 
16.9880 
16. Om 
16.8880 
16 8su2 
16.8138 
16 2188 

16.7449 
16. 7121 
16 (IIYU 
16.6495 
16.6197 
16. b907 
16.6625 
16 6351 
16 5583 
16.4825 

16.4572 
16 4325 
16. 4084 
16.3Rsi 
16. 3619 
16.3304 
16.3174 
16.2959 
16.2748 
16. w 2  

16. p(0 
16.2142 
16.194U 
16.1758 
16. 1571- 
16. I S 7  

16.1030 
16.0858 
16. ogs5 

16.0517 
16 0352 

16. 0029 
15 a 7 2  
15.9717 
15 us64 
15.9414 
15.9BS 
15.9119 

15.8976 
IS. 8834 
15. so4 
15.85511 
15.8420 
IS. .S% 
15.8153 
15.8022 
15. '1893 
15. ??66 

15. 76kO 
IS. 7516 
IS. 7393 
IS. 7272 
15.7152 
IS. 7034 
15. Q17 
1 5 . 0 1  
15. 6887 
15.6574 

15. b(bl 
15.6352 
15.6243 
15 6135 
1s. (YnB 
15.5922 
15.5817 
15. 5713 
15. 5611 
1s. 5m 

16. 1207 

]ti o w  

15. sloo 
Is. 4456 
15. 35u6 
1h n85 
Ih P(( 
I& 1354 
15 om 
l5.OIQ 
14. Pyl 
14. BOQ) 

14. M7? 
14.708Q 
14 7524 
14.7080 
14. Wi4 
14. e246 
14. &64 
14.54% 
14.6113 
14.4762 

IC ua 
14.4OO5 
14,3777 

14.3171 
14. lBRl 
14.2599 
14. 2325 

14.1799 

14.1646 
14.1100 
14. IO59 
14. (NIP 
14.0593 
14. m 
14.0148 
13. OW 
13. Wf23 
13.9516 

13.9116 
13.8922 
13.8732 
13 8545 
13.8361 
13.8181 
13. eM4 
13.7850 
1 3 . 7 w  

13.7491 
13. ma 
13.7163 
13.7003 
13.6346 
13.6491 

13.6363 
13.6240 
IS. wd4 

13. WJSo 
13.5808 
13. sfde 
13.5530 
18. 5394 
13.5260 

13.4w 

13.4740 

13.4614 
13. WW 
13.4367 
13.4246 
13.4126 
13. looB 
13.3891 
15 37?6 
13. wB1 
13. W 

ma437 
13.8217 

13.3lW 
13.2896 
13.1101 
13. S338 
13.m 
13.- 

14. am 

14. m s  

la. mi4 

la. wa 

1). s i n  
la. a m  

13. a m  
la. 3109 

13. pR3 
13. I430 
13.m 

12 0018 
12- 
12 7w 
12 m 
12. ISYx 
12 I#r 

12 IRI( 
12.448 
12 4054 

12 
12.2828 
12.24s 
I2 losl 
12. I 7 a  

12 1397 
12 1089 
12 07SL 
12.0444 
12.0145 
II.o(us 
11.9574 
1 1 . m  
11.9033 
1 1 . m  

11. M20 
11.8273 
11.8032 
11.7797 
11.737 
ll.?342 
11.7127, 
1 1 . m 7  
11.6897 
11.6491 

11. ma 
11.wlIl 
11.58w 
13.5706 
ll .ssl9 
11.5336 
11.5155 
11.4978 
11.m 
11.4433 

11.4466 
11.1300 
11.4138 
11. m 
11.3.m 
11.3666 
11. .%I2 
11.5362 
11.3214 
11. am 
11.592( 
11.nSz 
11. 2642 
11.2504 
11. !ma 
11.2234 
11.2101 
11.1911 
11.1&(1 
11.1714 

11.1m 
11.1(61 

II.lP) 
11.1101 
11.0981 
11.ow 
ll.0730 
11.0636 
1 L W  

11.0411 
11.03lm 
11.0191 
1 1 . W  
10.9976 
10.@370 
IO. 9765 
10. odd2 
10. w.60 
10. e458 

12 oIm 

12. m51 

12 ma 

11. iw 

. 
1.4645 , 
1. (092 
1.3578 
1.m 
1.1619 

. loo0 

.08631 

.07465 

.06171 

.osBp 

.04m 

.M11 

.03719 

.03250 . o m  

.mol 

.02185 
,01918 
.01SBb 
.01482 

. OlSo5 

.01149 

.01013 

. mm 

. OOiF9l . m 9 7 c  

.006160 

.a5448 

. oo(m 

. mm 

. m 9  

. m 9  . w m  

.m136 

.001841 

.00lE35 

.001463 

. aw8m 

. 002073 

. m m  

1.2227 
1.1829 
1.1454 
1. lopp 
1.0762 
1.0443 
1.0139 . w 9  
.os73 
,9309 

. eo57 

.E815 .8:m 

.WI 

.SI47 

.1942 

.7554 

.7371 

.'I194 

.7024 

.m 

.6700 
,6546 
. a 9 7  . 6253 
.6Il4 
.5979 . M 8  
.5721 

.sso(I . 64'18 

.si62 

. 5 m  

.5l* 

.YN4 

.4930 

. 4 m  

.4732 

.4637 

.4544 

.4454 

. 4 a  

.4290 
,4197 
.(I15 
.4036 . 3e159 
.3883 
. S I 0  

.3738 

.3669 
.3599 
.3532 
.3467 
.3403 
. a 1  
.3280 
. 3 3 1  
.3163 

.310I3 

.aoso .m 

.2m3 

.a91 

.5840 .m 

.2742 . %XU 
,2047 

.ry)2 

.2557 

.2513 
,2470 
.a29 
.2387 . !a347 
.!a08 
.2269 . rnl 

. n 4 5  

1. sJ(B 
7. soio 
14703 
7.1395 
1.4097 
7. ago7 
7. aJlll 
7.aasl 
7 . m  
7.2725 

1.2472 

,. Ism5 
7. I749 

7.1295 
7.1075 
7.0860 
7.0650 
7.0444 

7. ow 
7.0044 
69850 
6. 
6. fun 
6- 
6 9100 
6. 8933 
6 8758 
6- 

68254 
6eOOl 
6. 7932 
6.7775 

'6.7620 
6.7467 

6 7169 
67073 

e. @ne 
6 6737 
6 65oB 
6.64W 
6 6324 
6.6100 
6 Wb7 
6. Wn 
6.5'198 

6. !E46 
I 6421 
6 6298 

6 5O!i7 
6 4- 
64822 

6 4591 
6.4480 

0.4886 
6.42% 
64148 
64060 
6. 
6. am 
6.m 
6.8620 
6 Ut7 
6. MI6 

2.2225 

7.1520 

6. am 

o.nv 

6 m71 

6. 5177 

6 4m7 

b. ?a49 
am22 
L 1m 
h. 1399 
5. lloz 
6.0813 
6. 0532 
6 0259 
4.9993 
4.9735 

4. p(B2 
4. e236 
4.8997 
4. PI62 
4. e533 
4.8310 
4. m1 
4.7877 
4. '1667 
4.7462 

4.m1 
4.7064 
4.6871 
4.6681 
4.6495 
4.6313 
4.6134 
4.5950 
1 . 5 m  

4.6448 
4.- 
4. 6122 
4. 4963 
4.4836 
4.4652 
4,4501 
t 4351 
4.4.234 
4.4059 

c mi6 

9.07 

1 . 0 2 1 4  
27.9951 

n. om1 
2?. o(54 
27.9213 
27. L1o;o n. 8748 
27.5523 
27.8303 
27. WE8 
2i. 787R 
27. M11 

29.048 82 61J2 3 0 . 3 m  
32 6205 50.3W 
326006 wm&J 26.60% zJ.am2 

2 5 . m  n . w  
25.01s a.wa 

% 3722 a3.m 

25.6187 a. 3161 
25.5952 -nS.ZQXl 

25.M97 P.2471 
255277 232252 
25.5Dca P.pn 
z s . a . 2  P.18!a 
m . w e  ~ . 1 6 n  

3: 57:a 
3? S..dIli 
R? mi5 
:i2 w-3 

x: 4s75 
32 4355 
31' 4140 
31' :t!m 
32 :<xt 
32.3521 
32 33323 
32 3129 
32 s830 
32.2752 
322w 
32. 2308 
PP 2211 
32 1137 
32.1663 

32 1693 
32. l.s33 
32.1370 
32.1210 
32.1053 
32 OhQR 
32 0745 
32.0585 
32 0446 
32 (uuo 

32 0156 
32.0015 
31 9875 
31. Y737 
31 WXII 
31 9467 
31 RIM 
31 9233 
31 9074 
31.8947 

31.8821 
31. w 7  
31.074 
31. R4.U 
31 8x33 
31 8215 
31.Iy)B8 
31 ;8111 
31.m 
31.7755 

31.7643 
31.7533 
31.7424 
31.7315 
31.7m 
31.7103 
3 1 . 6 m  
31. gRH 
31 6742 
31.6690 

a2 w o  

30. rn 
90.2239 
50. low 
So. I774 
50.1519 m. 1.129 
BD. 1114 
a000001 
aO.0697 

SO. 0495 
30.0297 
a. 0103 
29. W13 
99.9728 
29.9542 
m. 9382 
29.0185 

29.88(0 

29.8507 
29.8344 

2s. mn 
29. in72 
29.7719 
29.7XJ 
29.7421 
2). 72i5 

29.7131 

m. 6649 
28 6711 
29.6575 
29.6441 
2o.m 
29. 6178 
2R fa48 
29. 5921 

.m 5795 
29. 5671 
29.5548 

29. .so7 
28. SIR0 
29.5072 
29. 4957 
29 4842 
29.4729 

29.4618 
lo. 4507 
a. (JOB 
a. 4 m  
29.4183 
29.4077 
29.3972 

lo. 5766 
29.em 

m. 2480 

28. mil 

m. .sen 

29. aiai 

29. eaeo 

s. M n  

m. 3 ~ 8 8  

n 74m n. ?2n n. mn n. m 
.s. 6700 
1.6516 
n. 8236 
R. E159 
27.5985 
27.6814 

.axmol 

.oO03211 

. m o ~  

.OM- 

.ooO2279 . mom34 

.OM1816 

.OM1621 

.OM144u 

.alo1193 

1. m46 
27. M81 n. 5318 
a. 6158 n. rnl 
27.4816 

n . 4 . w  
27.095 
27.4249 

n. mu 
%law D W  
2 3 . 1 B  P 8197 

26.10'19 22.1109 
2550417 22.7011 
a5om a 7 7 7 1  
250659 22.7633 
23 0.m P 7497 
23.036Q P m  
250257 22'1231 
25 0128 22.7100 
24 POQI 22697071 
xciaXl226844 

24 9819 22.65Q4 
l4 9191 226471 

%QZ% 22.m 
24 9137 22.6lIZ 
2 4 m  Prn5 
24.8905 22.5879 
248'190 22.5765 
248678 22.6652 

nom 22.6718 

% a 7 5  nw 

n. 4105 . 27.3065 n. 1Rp n. 3685 
27.3649 
n.3415 
27.3282 

27. m 
27.1895 

n. 3152 
.omO5@6 
. m m  . OOOM707 
.00004210 

27. 2769 
27. 2643 
27.2524 
27.2401 
27. ZZBZ 
n.1163 n me 
27.1931 n. In16 n. 1705 

n. im 
27.llBI 
27.1372 
27 12G4 
II 11.W 

.oMM67 

.000033i0 .o[xuoIS 

.00002(188 

.oooO2415 . a)(102162 . oooO1o:ie . oooO1733 
116Ca 1.9393 
4.1534 1.OZKI 

24.m P W  
24.8346 2253m 
24.8238 P.5212 
24 8131 22.5105 
11.8025 224999 

24.8455 nszm 

l4.m ~ 2 . 4 ~ 5  
m . m 7  z a 4 m  m n14 rima 
24.7613 224587 

. 
27. 1051 
a. Ow6 
27.0643 

27.0639 
n. 0740 



e 

0 

* 
RFW 10-05-0031A-5/85 
C * m  C.ZA? 



RFW 10-65-0031A-5/85 
C.c E C I ^  







CLIENTEUBJECT I\ l-f- W.O. NO. 

................................................................................................................................... . . .  . . .  . .  . .  . . .  . . .  . .  . .  
: . .  : j v ;  : 

. .  . .  .............................. : . . . .  ......... : .................. : ..... ...(/.w). u.pph.. .;  ...... .(i ......... j ......... I ........ i ......... : ........ 
....... :. t 9 . r  ........ P 1 . p  ..... ;.&$m::b...: . . . .  ........ r . m :  ........ s..!!..!!.. ... e . 4 . . :  .... G./ ..;... .... 

............. l.f.1a.k ..... F!& ..L.k= ..... a .,.. 5: .. pi?m...:.= ... I 0, .;is? . .  .:..e .../Lh.. ln 

....... I .  ....... .: .&w. ,s .+.= ..... .~.a,..y ..... 

. . .  . .  . .  . . .  
' C  

A .  . 

. .  ; p ; 3 ;  . .  . .  
. .  

. . .  . . .  . .  . .  . .  . .  
.. .h .!P .... .iP. 1.2 ::.e.?. .-.!.I ..: ...... 1 . . .  . .  

. .  . .  
. .  . .  . .  . .  

. .  
. .  

Reynolds number = * = * 
z 4 r c  

Optimum inside 
diometer (4). inches 

Viscous 
Turbulent f l o w  

Method - 

c 
TASK DESCRlPmON 

PREPARED BY bA !I DEPT DATE 

MATH CHECK BY DEPT DATE 

DATE METHOD REV. BY DEPT 

' ~ ~ i ~ e  sf P p k 7  & 6 h/ C L - V ~ ~ L M ~  TASK NO. 

APPROVEDBY ~l 
.................................................................................... . . . . . .  . . . .  . . .  . . . .  . .  . . . . .  . . , . .  ...................................................... . . , .  . . . . .  . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . .  . . . .  ..................................................... . . . .  . . . . . .  . . . . . .  . . . .  . . .  . . . . . .  . . . . .  . . . . . .  

. .  . .  . . . .  . . . . .  

.......................................... . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . .  . . .  . . . . . .  . .  . .  ...................................................... . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . .  . . . .  . . .  . . . .  . .  ...................................................... . . .  . . . .  . . . . .  . . . . .  . . . . .  . .  . . . . .  ............................................. . . . . .  . . .  . . . .  . . . . .  . . . . .  . . . . .  . . . .  . . . .  . . . .  ............................................. . . .  . . .  

. . .  

. .  

. . .  . . .  . . . . .  . .  .................................. . . .  . . .  
. . .  ......................................... . . . .  . . . . .  . . . .  . . . . .  . . . .  . . . . .  . . . . .  

. . . .  

Turbulent flow Nee >2t00 
Connect volues of p ond qfm 
by stroight line to obtain 
optimum pipe diometer 

. .  .................................. . .  
. .  . .  . . .  

.................................. . .  . . .  . . .  . . .  

.................................. 

. .  . .  ................................. . . .  . .  . .  . . .  . .  ................................ 

2: 200 

. . . .  ........................................ . . . .  . . . . .  . . . . .  . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  ............. . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  ............................................. . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . .  



SHEET- 3 Of + i/ 

CLIENTBUBJECT W.O. NO. 

TASK DESCRIPTION S ~ L - ~ . ,  f P ,p.*? -w 6 4  C6nve+.t7cc TASK NO. 

PREPAREDBY 8 R f - l  DEPT DATE 

MATH CHECK BY DEPT DATE 

DATE METHOD REV. BY DEPT 

I-- 

........................................................................................... .............................................................................................. . . . . . . .  . . .  . . . . .  . . . . . . . . . . . . . . .  . . .  . . . . . . . . . .  . . . . . . . . .  . .  

. . . . . . . . .  . . . .  . . . . . .  . . . . . . . .  . . . . .  . . . . . .  . . . . .  . . . .  

. . . . . . . . . . . . . . . . . .  . . . . . . . . .  . . . . . .  
i7 +3/* ; . . . . . .  : : : ........ ,I, .. .t-fu..ki.. . ,Fh Mi ... PA.&.. .= .... ,F..Jfw,.;= .... .i., .U.b.. .............. ...: ........ .: .... m.; ......... j .  ........ i ............................. ;.. ....... i. ....... j ......... j ......... ; ........ . j  ......... j ......... i 

t... .. ..:, ......................... ~I.?.~#..l..!~..?r..i..1..,~,.~ . .  .... w.i ......... ! ......... ;... ..... I ................... j ................... : ......... j ......... j 

. .  

. . . . . . . .  . . . . .  . . . .  . . .  . . . .  . . . . .  . . .  . .  . .  

.......................... ...... ...... :.. . . .  . . . . .  . . . . . . .  . . . . . . .  

: : &,,;,+,!,,= .,,.. k>:,, m; / b i / ~ 3  
. .  . .  . .  . . .  . .  

. . . . . . . . .  

. .  . . . . .  . . . . .  . .  . .  

......... . .  . . .  . .  

. . . . .  . . . . .  . . . . .  . . . .  



SHEET-!!- of c/ 
W.O. NO. 

fi 

CLIENTEUBJECT P FP 
TASK NO. r TASK DESCRlPION S i 2 r ~ 4 7  G+[ fyt- iI/ 17 w i ' , a v C y % b .  

PREPARED BY DEPT DATE 

MATH CHECK BY DEPT DATE 

METHOD REV. BY DATE 
........................................................................................................................................................... . . .  . . . . . .  . . . .  . . .  . . . .  . . . . .  

. . .  . . .  . .  . .  . .  . .  
. .  . .  

.... 3 ...... i ..... ,,.; ......... : ......... i ............................. ; .................................... I .................. : ......... i ......... ; ......... : ......... : 
I.: C . V t * , 4 6  ...... F!& . . .  . . . .  ..; ........ i ........................ j ........ ;. ........................ . . . . .  i ......... 

.......... I ..... h~.,K.i..E(cj?X .... k.k.=. ..; ..... ""jf & .... i.'. I.! .?:4. .,.e .... /cy., ........ ; .................. :. ....... :.,. . :. ...... : ....... : ......... : ............... ! ......... i ......... : ......... i 
f. .: ...... : ....... ..: . . . . . . . . . . . . . . .  L/;& .! .. .,. .-... - .;, :I ..... cp ..;, ....... i :.. ..... , I  ~ ..... _ . . I  : .......................... j ......................... ..j. .... ....; ......... j .......... 

. . .  . . .  . . . .  . .  . .  . .  . .  

. .  . .  

. . . .  . . .  . . , . .  . . .  . . . .  . . . . .  . .  . .  
3 i . " ' '  

. .  . . . . . . .  . , . .  . .  . . . . . . . .  . . . . . . .  . . .  . . .  . . .  . . . . .  . . . .  
. .  . .  

....... ....... .... ... 
. . , I  . . .  

. . .  . . . .  . . .  . . . . . .  . .  . .  . . .  . . . .  . . .  . .  . .  . . . . .  . . .  . . .  . . . . .  . . .  . .  
. .  . .  

. . .  

. .  . .  .:. :4 !..I-&.. ,!k D S  
.............................................................................................................. ...................................................................................... . .  

. .  . .  

. .  . . .  . . .  
. . . . . . . . . . . . . . .  

, . Fbw rote 
: . wmwm 

. . . . .  

. . .  . . .  . . . .  . . . . .  . . . . .  . . . .  . . . . .  

509w0 Turbulent f io,,, 

. . . .  . . . .  . . .  . . .  
. .  

. . . . . . .  . . . .  . . . .  . . .  . . . . . .  . . .  . . .  . . . . . . .  . .  . . .  . . . .  . . .  . . .  . . .  . . .  . . . . .  ............................................................... . . .  .......................................................................................................................................................................... . .  
. .  

. . . . . .  . . .  . . . . .  . . . . .  
. .  . .  . .  
. . . . .  . .  . . . . .  

. .  

. . .  
. .  

. . .  . . .  . . .  . . .  . .  . .  . . .  

. .  

. .  

. .  :,, 

................ .... ....... .... ......... ............. .... ........ ...... ......... ............... .............. .............. ............................................... . . . .  0 $ " j 1 .OPJ&! @.!.j,N.b :V.i : I I...: :... .&: j .: i : .:.. : 
i .i j o.p& .(... ,.:.....! D !  I?$?& k.. . ' .  ..?h C.cklt*  i v i..?.,. ..~i,*.?.~..:.~, .! .; :. .; I . .  .:. .:.. .:. :. : 

. .  . .. ... ... .... ... ........... ................. .............. ...... .................. ....... :. j.. .:, :. .:. .i r L ? c . d . ,  PA+. c.!.c&.k.:.?... j ! 1. : C.Xy4.4d.. I 2: .+..:. ........................... 

: 

. .  
. .  

. .  

. . .  . . .  

. -  

. . . . .  . . . . .  
. . . . . .  

. .  . . .  . . . . . . .  . . . . . . . . . . . .  . . . .  
> i a , , s i  F/bw . - ' 

. . . . .  . .  . .  . .  . .  
. .  . .  . .  

.... .. .. ... ........ ......... ................. ................ ..... ........................ .. ........ ........ ........ . .  . . . .  . . . .  . . .  . .  . .  . .  

. .  . .  & I  . . .  
... 

. .  
. . .  . .  . .  . . . . . .  . . .  . . . . . .  . . .  . .  . . .  . .  . .  . . .  . . .  . . .  

. . .  . .  
. .  . .  . .  

........................ ,,___: ............................................................................................................................................................................................ -: . .  . .  
. .  

. .  . .  
. .  . .  . .  

. .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  
RFW 10-05-003/A-5/85 
- ,  ,- - -  #,. 



I b SHEET- of - 
CLIENT/SU WECT W.O. NO. 

TASK DESCRIPTION ?oL.d&C R EQujQEM Ems TASK NO. 

PREPARED BY MFlL DEPT DATE 

MATH CHECK BY DEPT DATE 

METHOD REV. BY DEPT DATE 
.................................................................................. . .  . . . .  . .  . . .  . .  . .  . . .  

. . .  . . .  . . .  . . .  . . . .  . . .  . . . .  . .  

. .  
................................................... . .  

. .  . .  . . .  . . . .  
. .  

. .  . . . . . .  . . . .  
..................................................................................... . . . .  . . . .  . . . .  . . . . .  . . . .  . . .  . . . . .  . . .  . . .  

. .  . .  . .  
................................................................................... . .  

. .  . . . . .  . . . .  . . . .  . . . .  . .  . , . .  

. .  . .  . .  
. . .  ...................................................................................... . .  . .  , .  

. . . .  . . . .  . . . . .  . . . .  . . .  . . . .  . . .  . .  ................................................................................. . .  
. .  . . .  . . . .  . . .  . . .  . .  . . .  . .  

................................................................................ . . .  . . .  . . . .  . . . .  . . . . .  . . .  . . .  . .  . . . .  . .  . .  . . .  . .  . . .  

. . .  . . . .  
. . . . . . . . .  . .  

. .  ........ : ..................... : ............................. 
. . .  

- 

2, 

. .  ............................................................ . .  . .  . .  . .  . .  . . .  . .  ............. : ............................................................ . . .  
. . . . .  . , . .  . . . . .  . . . .  

........................................................................ . .  

. . .  . . .  
. .  . . . .  . . . .  

. , . .  . .  . .  . .  . . . . .  . . . . .  . .  . . . . .  . . . .  
. . . . . . .  . . . .  

, . . , . . , . .  , . . 

. .  . .  . . . . .  . .  . .  ....................................................................................... 
, , . , . . , . . 

. . . . . . . .  . . . . . . . . .  
. . . .  . . .  . . . .  

. . .  . .  . . .  ................................................................................ . .  

........ . .  

.... . . .  . . . .  . .  . . . . .  . . .  . . .  . .  . . .  . . .  . . .  . . .  
. .  ..................................................................... . . .  . .  
. .  . .  . . .  . . .  . . . . .  . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  . . .  . . . .  . . . .  . . .  . . . .  . . .  . . .  . . .  

. .  

................................................................... . .  . . .  . . .  . . .  . . .  
. .  . .  

................................................................... . .  
. .  . .  . . .  
. .  . .  ........................................................................... . .  . . . . .  . . .  

. .  

. .  . . .  
. .  

. .  . .  . . .  

. .  
. .  

...................................................................... . . . . . .  
. . . .  . .  . .  . . .  . . .  . .  . .  ..... ................................................................... . . .  . . . . .  . . . .  ..: 

. . . . .  . . . .  
........................................................................ . .  

. . . .  
. . .  . . . .  . . .  . .  

~W~~,.,~Fo~..,~.O.~TLTS.,! . .  . . . .  
. . . . . . . . .  . . . . . . . . .  . .  

.......................................................................... . . . .  
. . .  . . .  . .  . . .  
. . .  . . . .  . .  

. . . .  . . . .  . . .  . . .  
. . . . . . .  . . .  . .  . , .  . . .  . . .  . .  ........................................................................ . .  . . . .  . . .  . .  . . .  . . . . . . .  . . .  . . . . .  . . .  

................................................................................ . . .  
. .  

. . .  . .  

. . .  . . . . .  . . .  
. .  

................................................................... 

tc> ..................................................................................... & a s c d m  . . . .  
. . . . .  . . . . .  . . .  t/?t, i . . .  

. . . . . .  .._.: ..... .,.e. .rm .m.,..Co .,.. .....; .......... 

... &.!.!.b.w,.fl . . .  ._i ..... ws.ump+ . . .  
. . .  . .  ;yi  j j j j . . . .  . . . .  . . .  , .  
. . .  . . .  . . .  . . .  ...................................................................................... . .  . . .  . . .  

. .  

. .  . . . .  . .  
. . .  . .  ................. : ..................... ...- .......................................... 

%.. 



CLIENTEUB JECT W.O. NO. 

TASK DESCRIPTION TASK NO. 

PREPAREDBY DEPT DATE 

MATH CHECK BY DEPT DATE 

DATE I DEPT DATE I 
................................................................................................................................................................................................................................................................�� . . .  . . . . . .  . . . . . . .  . . .  . . . . .  . . .  . . .  . . . .  . . . .  . . . . .  . . . .  . . .  . . . .  . . .  . . . . .  . . . . . . .  . . .  . . . .  . . .  . . . . .  

. . . . . .  . . . . . .  . . . . . .  

DEPT METHOD REV. BY 
. . .  . .  . .  . . .  . . . . .  

. .  
. .  

. .  
. . . .  . . .  

. .  
. .  

........................................................... . . . . .  ..... 
. .  

. .  
. .  . .  . .  
. .  

. .  
. .  

. . .  . . .  
... . . .  . . .  . . . . . . . . . . .  . . . . . .  . . . . . . . .  . . . . . . . . . . .  . . . .  . . . . . . . . . .  . . . .  . . . .  . . . . . . . . .  . .  

. . .  . . . . .  

. . .  

. . ,  . .  . .  . .  

. . .  .................. ...... ...... ...... ...... 
. .  

. . . . . . .  . . . .  . .  . .... ...... 

................ . .  . . . . .  . . . .  . . . .  . . . . .  . . .  . . .  . . . . .  . . .  . . . .  . . . .  . . . .  
. . .  . . .  . .  . .  . .  

............................................................................. .... ......... ......... . . . . . . . . . . . . . .  ....................................... . .  . . .  . . .  . . . . .  . . . .  . .  
....................................................................................... . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . .  . .  . . . .  . . .  . . . . .  . .  . . . .  . . .  . .  

...................................................................................... . . .  . . . . .  . . . .  . . . . .  
. .  

. . .  . .  
. .  . .  . .  

. . . . . .  . .  
....... ...... . ....... .... ............... .............. ......... ........ ...................... : 44 ed+. ! . I . , .  :. i . .  1 . .  ..; : i 

. . . . .  .......... ............. ............................................................. 6,,.3i w ff 1 Ct ' . : . ,:. . i ................... j ........................ : i 
. . .  . . .  . . . .  
. . .  

. .  
. . .  . . .  . .  

. .  . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ............................................................................................................................................................. . . .  
. .  

. .  
. .  

: . .  - .  

.... .......... ........................................................ . .  . .  . . . . .  . . .  . . .  . . .  . . . .  . . .  . . . .  . .  . . . .  . . . .  . . . . . . . .  ................... 

. .  
: . . j . .  .& s.. i .h 

. .  
. .  . .  

. .  . .  

...... ... ...... ...... . . . . . . .  
. . . . . .  . . . .  . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . .  . . . . .  . .  . . .  . . . . .  

. .  
......... 

. .  

. .  . .  

...... ....... ...... ........ . . . . . .  . .  . . .  . . . . . . .  . . .  . . .  . .  
. . . . .  . . . . . .  . . . . . . .  . .  . . .  . . . . . . .  . . .  ........ ...................................................................................................................................................................................................................... . . . .  . . .  . . . .  . . . . .  

. .  . .  . .  . .  . .  . .  

. . .  . . . .  . . . .  . . .  . .  . . .  . . . . .  

. .  . .  

. .  . .  
. . .  

. .  . .  

........................... .................. .............................................................................................. ................... . . .  

. .  

............... ............................................................................ . . .  : : : : 

. .  

. . . .  . . .  . . .  . . . .  . . .  . .  . .  . . .  

. .  

. . . . .  . .  

. .  
. .  

. .  
: 

. .  
. .  

. .  . .  
. .  

:.WATER .\.. i . .  , :  ....... i ........ T?.,.=.\ 59.. F.  ... j . . .  .. . . .  . :  ....... i ...... i ....... . i  ......... !. . . .  .:. ................. i .  . . . . . .  ...... i . .  ... \ ...... . . i  ........ i ........ j ......... 
. . . . . . . .  ................... ........ ........ ......... ....... ................ .................. ........ ........ ......... ......... : I .; Ti.,- ~ , , . ~ , T , ~  : ; j : j I : i I : i 

. .  : .+i;y ; ; I j ; 1 ; j ; ; ; ; i ; ; ; , ;  j 

....... ...... ......... ......... ...... ......... .................. ................. ........ ...... ......... ......... ......... .......... : : : : :I c..;.'...,. Q,92JY..i i i i ; .; j ; .: :. : j i i 

: ............................. I . #ea .+... bss , . .=  . . .  .... :.. .0....~.3,.?.!.. ~ . 0 ~ , . . ~ ~ . . ~ , ~ ~ ~ 3 . 4 ) , . ~ =  . . . .  .... ~../,,.tS..ki~~..~~t . .  . . .  . .  . . . .  . . .  . . .  .............. ! 
.  sum ..... :../oo. & ................ :. .... . : .  ..... :... . .  .: ................... :.. ...... : .... 

0 .  
. .  . .  

. .  . .  . .  . .  . .  - 9 -  
. .  

. .  
....................... ..................... ....... ..... . . . .  . . . .  . .  . . I .  

. .  

................................................................................................................................................................................................................................................................� . . . . .  
j ; ' ' ' ' ' ' ' ' i . ' ' ' 

. . . . . .  . . .  . . .  . . . .  . . .  
. . . .  . . .  . .  

. .  

. . . .  . . . . .  . . .  . .  
. .  

. .  
. .  . .  : . .  

~o'038~1 . .  . . . .  . . .  .......... . . .  . . . .  . . .  
. .  . .  

. .  

............... ......... ......... ....... ....... ...... ...... ........ ..................................... ................... ................. ........ ................................................... ......... :. : : :. : . j . . ,  . . . I . ;  .; !i : ; : :.. : 

. .  
. .  . .  

. . . .  . .  . .  . .  ; c,;= . .  
. . .  . . . .  . . . . .  . . .  

. .  . . . . . . .  . .  . .  . .  . .  . .  
. .  . .  

. . : /  
d . .  . . .  ......... ....... ............... ................ ........ . . .  . . . . . .  . . . .  . . .  . . . . .  . . . .  . . . . . . .  . .  . . . . . . . . . . . . . . . . .  . . . .  . . . . . . . . . . . . . . . .  . . . .  . . . . . . . . . . .  . . . . . . . .  . . . . . .  . . . . . . .  . . . . . . . . . .  . . . . .  . . .  
: . : . ,  . . .  . . . .  . . . . .  . . .  .......................................... .......................................................................................................................................................................................... 

. .  

............................ . .  . .  
. .  

. .  . .  .: : . .  

. .  
. . . .  . . .  . . . .  . . . . . .  . . . .  . . .  . . .  

. .  . .  
. .  . .  

................................................... 
. .  . .  

. . . . . .  ..... - .  .... J 7 ~ . ~ . ~ ~ . i . :  ...-='> ...... c.*i.Sk.ll\/ . . . .  i . . . . . . . . . . . . . . . . . . . . . . . . . . .  
a -  RFW 10-05-003/A-5/05 





ONAN CORPORATION 
GenSize 2 
Version 1.25 

Project Name: (ROCKY FLATS ISV) 
File Name: RFP2 

Project Parameters 

Duty .............. : 
Voltage ........... : 
Frequency. ........ : 
Max. Temp. Rise...: 
Max. VDIP%........: 
Max. Altitude.....: 
Altitude Scale....: 
Max. Amb. Temp .... : 
Temperature Scale.: 
Cooling System .... : 
Fuel Type...... ... : 

Stationary Prime 
277/480 Y 
60 
105 
22 
5100 
Feet 
100 
Fahrenheit 
Radiator 
Diesel 

Load Listing 

Load Number: 1 Load Type: Motor HP Entry Phase: 3 

ad Name: (15) Output HP: 15 
mment: (BLOWER B-i) 

SKW: SKVA: SKVAR: SPF : RKW: RKVA: W A R :  RPF : 
44.3 90.0 78.4 0.49 12.9 14.7 7.0 0.88 

@ 
................................................................................ 
Load Number: 2 Load Type: Motor HP Entry Phase: 3 

Comment: (BLOWER B-2) 
-Emad-Name: (25) Output HP: 25 

SKW: SKVA: SKVAR: SPF : RKW: RENA: RKVAR: RPF: 
66.0 150.0 134.7 0.44 21.3 24.0 11.0 0.89 ................................................................................ 

Load Number: 3 Load Type: Motor HP Entry Phase: 3 

Load Name: (10) Output HP: 10 
Comment: (BLOWER B-3) 

SKW: SKVA: SKVAR: SPF : RKW: RKVA: RKVAR: RPF : 
36.3 68.0 57.5 0.53 8.7 10.0 5.0 0.87 ................................................................................ 

Load Number: 4 Load Type: Resistive Phase: 1 

Load Name: (GENERAL) Input KW: 16.5 
mment: (ALL OTHER EQUIPMENT) 

SKVA: SKVAR: SPF : RKW: RKVA: W A R :  RPF : 



Step Sequence/Load 

Step Number: 1 Surge KW: 110 Surge SKVA: 240 

Step Name: START NEGATIVE PRESSURE 
Comment: B-1 AND B-2 

1 1 44.3 90.0 78.4 0.49 12.9 14.7 7.0 0.88 
2 1 66.0 150.0 134.7 0.44 21.3 24.0 11.0 0.89 

0.88 

Load # Qty SKW SKVA SKVAR SPF RKW RKVA RKVAR FWF 

Step Total: 110.3 240.0 213.1 0.46 34.2 38.7 18.1 

Step Number: 2 Surge KW: 71 Surge SKVA: 68 

Step Name: AIR INJECTION 
Comment : 

Load # Qty SKW SKVA SKVAR SPF RKW RKVA W A R  RPF 
3 1 36.3 68.0 57.5 0.53 8.7 10.0 5.0 0.87 

Step Total: 36.3 68.0 57.5 0.53 8.7 10.0 5.0 0.87 ................................................................................ 
Step Number: 3 Surge KW: 59 Surge SKVA: 17 



ONAN CORPORATION GENSIZE 2 

--R U N N I N G------ ----- M A X---- S U R G E--At Specified Voltage--- 
Kw KVA PF Occurs in Step KVA Occurs in Step 

When operated at 5100 Feet Altitude 
and 100 degrees F Ambient the 
operating performance is: 
* GenSet selected with one GenSet. * 
Maximum Voltage Freq. Excitation 

KW Dip Dip 

113 21% 6% Shunt 
------- - - - - - - - ------ --------- 

.-c- 

Onan Corporation has developed this GenSize 2 
computer program to help you, the engineer, with a 
generator set selection. 
upon your input of the genset requirements and typical 
performance data published by NEMA and other agencies. 

The recommendations are based 

Due to changing load and site conditions beyond our 
control, we cannot be certain the selection of a genset 
based upon the recommendation of this computer program 
will meet the site requirements. Therefore, nothing in 
this program may be construed as a warranty. You must 
decide for yourself or consult with your local Cummins/Onan 
distributor that the generator set selected is sufficient 
for your intended purpose. Each Onan Corporation generator 
set is covered by an express written warranty which is in 
lieu of of all other warranties, expressed or implied. 

- 

Please consult with your Cummins/Onan distributor 
representative in your area for further information. 





SHEETA of 2 
CLIENTEUB JECT W.O. NO. a624 -37-b I 
TASK DESCRIPTION TASKNO. O ' 3 O  

PREPAREDBY Rpl L DEPT 6 "19 DATE / I /  36,h3 

MATH CHECK BY DEPT DATE 

I 

RFW 1 0-05-003/A-5/85 



Appendix F 

Rocky Flats Plant Standard Operating 
Procedures Applicable to the 

Subsurface MIRA Pilot Test Program 



Procedure No, - Title 

F0.03 General Equipment Decontamination 
F0.04 
F0.05 
F0.06 
F0.07 
FO.08 
F0.09 
FO. 12 
F0.13 
FO. 15 
FO. 17 
F 0 . 1 8  
GT.01 
GT. 02 
GT.03 
GW.02 

Heavy Equipment Decontamination 
Handling of Purged and Developed Water 
Handling of Decontamination Water and Wash Water 
Handling of Personal Protective Equipment 
Handling of Drilling Fluids and Cuttings 
Handling of Residual Samples 
Decontamination Facility Operations 
Containerizing, Preserving, Handling and Shipping of Soil and Water Samples 
Photoionization Detectors @ID) and Flare Ionization Detectors (FID) 
Land Surveying 
Environmental Sampling Radioactivity Content Screening 
Logging Alluvial and Bedrock Material 
Drilling and Sampling Using Hollow Stem Auger Techniques 
Isolating Bedrock from Alluvium with Grouted Surface Casing 
Well Development 

oaobcr 1992 
APPENDIX F 
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